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(54) Title: THE USE OF MICROFLUIDIC SYSTEMS IN THE DETECTION OF TARGET ANALYTES USING MICROSPHERE 
ARRAYS 

(57) Abstract: The invention relates generally to methods and apparatus for conducting analyses, particularly microfluidic devices 
for the detection of target analytes. The detection niodule of the microfluidic devices described herein are based on previous work 
comprising a bead-based analytic chemistiy system in which beads, also termed microspheres, carrying chemistry chemical function- 
alities are distributed on an airay substrate comprising a patterned surface od discrete sites that can bind the individual micropheres. 
The beads are generally put onto the substrate randomly, and thus several different methodologies can be used to "decode" the arrays. 
In one embodiment, unique optical signatures arc incorpored into the beads, generally fluorescent dyes, diat could be used to identify 
the chemical functionality on any particular bead. This allows the synthesis of the candidate agents (i.e. compounds such as nucleic 
adds and antibodies) to be divorced from their placement on an array, i.e. the candidate agents may be synthesized on the beads, 
and then the beads are randomly distributed on a patterned surface. 


wo 00/71243 


PCT/USOO/13942 


THE USE OF MICROFLUIDIC SYSTEMS IN THE DETECTION OF 
TARGET ANALYTES USING MICROSPHERE ARRAYS 

This is a continuing application of U.S Serial No. 09/316,154 filed May 21, 1999. 

FIELD OF THE INVENTION 

The invention relates generally to methods and apparatus for conducting analyses, particularly 
microfluidic devices for the detection of target analytes. 

BACKGROUND OF THE INVENTION 

There are a number of assays and sensors for the detection of the presence and/or concentration of 
specific substances in fluids and gases. Many of these rely on specific tigand/antiligand reactions as 
the mechanism of detection. That is, pairs of substances (i.e. the binding pairs or ligand/antiligands) 
are known to bind to each other, while binding little or not at all to other substances. This has been 
the focus of a number of techniques that utilize these binding pairs for the detection of the complexes. 
These generally are done by labeling one component of the complex In some way. so as to make the 
entire complex detectable, using, for example, radioisotopes, fluorescent and other optically active 
molecules, enzymes, etc. 

One type of sensor that is showing particular promise is based on microspheres or beads that are 
distributed on a substrate at discrete sites. Each bead contains a chemical functionality, such as a 
binding partner, that can be used to detect the presence of a target analyte. The beads are put down 
randomly and then a variety of decoding schemes are used to elucidate the location and chemical 
functionality at each site. See for example PCT US98/21 1 93. PCT US99/04473: PCT US98/05025 
and PCT US98/09163. 
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There is a significant trend to reduce the size of these sensors, both for sensitivity and to reduce 
reagent costs. Thus, a number of microfluidic devices have been developed, generally comprising a 
solid support with microchannels, utilizing a number of different wells, pumps, reaction chambers, and 
the like. See for example EP 0637996 B1; EP 0637998 Bl; WO96/39260; W097/16835; 
5 W098/1 3683; W097/16561 ; W097/43629; W096/39252; W096/1 5576; W096/1 5450; W097/37755; 
and W097/27324; and U.S. Patent Nos. 5,304.487; 5,071531; 5.061,336; 5,747,169; 5,296,375; 
5,110,745; 5,587,128; 5,498,392; 5.643,738; 5,750,015; 5,726,026; 5,35.358; 5,126,022; 5,770,029; 
5,631.337; 5,569,364; 5,135.627; 5,632,876; 5,593,838; 5.585,069; 5,637.469; 5.486.335; 5,755,942; 
5,681,484; and 5,603,351. 

10 Thus, there is a need for a microfluidic biosensor that is both small and high density, that can be used 
in a high throughput manner. 

SUMMARY OF THE INVENTION 

In accordance with the objects outlined above, the present invention provides microfluidic devices for 
the detection of a target analyte in a sample. The devices comprise a solid support that has any 

15 number of modules, including a a sample inlet port and at least one sample handling well comprising a 
well inlet port and a well outlet port. The device generally further comprises a first microchannel to 
allow fluid contact between the sample inlet port and the sample handling well. The device also 
comprises a detection module comprising a substrate with a surface comprising discrete sites, and a 
population of microspheres comprising at least a first and a second subpopuiation, wherein each 

20 subpopuiation comprises a bioactive agent. The microspheres are distributed on said surface. The 
detection module also comprises a detection inlet port to receive the sample. The device also 
comprises a second microchannel to allow fluid contact between the sample handling well and the 
detection inlet port. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Figure 1 graphically depicts improved signal intensity with vibration of the chip during hybridiation. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention provides microfluidic cassettes or devices that can be used to effect a number of 
manipulations on a sample to ultimately result in target analyte detection or quantification. These 
manipulations can include cell handling (cell concentration, cell lysis, cell removal, cell separation, 
3 0 etc.), separation of the desired target analyte from other sample components, chemical or enzymatic 
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reactions on the target analyte, detection of the target analyte, etc. The devices of the invention can 
include one or more wells for sample manipulation, waste or reagents; microchannels to and between 
these wells, including microchannels containing eiectrophoretic separation matrices; valves to control 
fluid movement; on-chip pumps such as electroosmotic. electrohydrodynamic, or electrokinetic pumps; 
and detection systems comprising bead arrays, as is more fully described below. The devices of the 
invention can be configured to manipulate one or multiple samples or analytes. 

The microfluidic devices of the invention are used to detect target analytes in samples. By "target 
analyte" or "analyte" or grammatical equivalents herein is meant any molecule, compound or particle 
to be detected. As outlined below, target analytes preferably bind to binding ligands, as is more fully 
described above. As will be appreciated by those in the art, a large number of analytes may be 
detected using the present methods; basically, any target analyte for which a binding ligand, described 
herein, may be detected using the methods of the invention. 

Suitable analytes include organic and inorganic molecules, including biomolecules. In a preferred 
embodiment, the analyte may be an environmental pollutant (Including pesticides, insecticides, toxins, 
etc.); a chemical (including solvents, polymers, organic materials, etc.); therapeutic molecules 
(including therapeutic and abused drugs, antibiotics, etc.); biomolecules (including hormones, 
cytokines, proteins, lipids, carbohydrates, cellular membrane antigens and receptors (neural, 
hormonal, nutrient, and cell surface receptors) or their ligands, etc); whole cells (including procaryotic 
(such as pathogenic bacteria) and eukaryotic cells, including mammalian tumor cells); viruses 
(including retroviruses, herpesviruses, adenoviruses, lentiviruses, etc.); and spores; etc. Particularly 
preferred analytes are environmental pollutants; nucleic acids; proteins (including enzymes, 
antibodies, antigens, growth factors, cytokines, etc); therapeutic and abused drugs; cells; and viruses. 

In a prefen-ed embodiment, the target analyte is a nucleic acid. By "nucleic acid" or "oligonucleotide" 
or grammatical equivalents herein means at least two nucleotides covalently linked together. A 
nucleic acid of the present invention will generally contain phosphodiester bonds, although in some 
cases, as outlined below, nucleic acid analogs are included that may have alternate backbones, 
comprising, for example, phosphoramide (Beaucage et al., Tetrahedron 49(10):1925 (1993) and 
references therein; Letsinger, J. Org. Chem. 35:3800 (1970); Sprinzl et aL. Eur. J. Biochem. 81:579 
(1977); Letsinger et al., Nucl. Acids Res. 14:3487 (1986); Sawai et al, Chem. Lett. 805 (1984), 
Letsinger et al., J. Am. Chem. Soc. 110:4470 (1988); and Pauwels et al.. Chemica Scripta 26:141 
91986)). phosphorothioate (Mag etal., Nucleic Acids Res. 19:1437 (1991); and U.S. Patent No. 
5,644,048), phosphorodithioate (Briu et al., J. Am. Chem. Soc. 111:2321 (1989). O- 
methylphophoroamidite linkages (see Eckstein. Oligonucleotides and Analogues: A Practical 
Approach, Oxford University Press), and peptide nucleic acid backbones and linkages (see Egholm, J. 
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Am. Chem. Soc. 114:1895 (1992); Meier etaL, Chem. Int. Ed. Engl. 31:1008 (1992); Nielsen. Nature. 
365:566 (1993); Carisson et a!., Nature 380:207 (1996), all of which are incorporated by reference). 
Other analog nucleic acids include those with positive backbones (Denpcy et a!., Proc. Natl. Acad. Sci. 
USA 92:6097 (1995); non-ionic backbones (U.S. Patent Nos. 5,386,023, 5,637.684, 5,602,240, 
5,216,141 and 4,469,863; Kiedrowshi et al., Angew. Chem, Intl. Ed. English 30:423 (1991); Letsinger 
etaL, J. Am. Chem. Soc. 110:4470 (1988); Letsinger et al., Nucleoside & Nucleotide 13:1597 (1994); 
Chapters 2 and 3, ASC Symposium Series 580, "Carbohydrate Modifications in Antisense Research". 
Ed. Y.S. Sanghui and P. Dan Cook; Mesmaeker et al., Bioorganic & Medicinal Chem. Lett. 4:395 
(1994); Jeffs et al., J. Biomotecular NMR 34:17 (1994); Tetrahedron Lett 37:743 (1996)) and non- 
ribose backbones, including those described in U.S. Patent Nos. 5,235.033 and 5,034,506, and 
Chapters 6 and 7. ASC Symposium Series 680, "Carbohydrate Modifications in Antisense Research". 
Ed. Y.S. Sanghui and P. Dan Cook. Nucleic acids containing one or more carbocyclic sugars are also 
included within the definition of nucleic acids (see Jenkins et al.. Chem. Soc. Rev. (1995) pp169- 
176), Several nucleic acid analogs are described in Rawls. C & E News June 2, 1997 page 35. All of 
these references are hereby expressly incorporated by reference. These modifications of the ribose- 
phosphate backbone may be done to facilitate the addition of labels or to increase the stability and 
half-life of such molecules in physiological environments. 

As will be appreciated by those in the art, all of these nucleic acid analogs may find use in the present 
invention. In addition, mixtures of naturally occurring nucleic acids and analogs can be made. 
Alternatively, mixtures of different nucleic acid analogs, and mixtures of naturally occuring nucleic 
acids and analogs may be made. 

Particularly preferred are peptide nucleic acids (PNA) which includes peptide nucleic acid analogs. 
These backbones are substantially non-ionic under neutral conditions, in contrast to the highly 
charged phosphodiester backbone of naturally occumng nucleic acids. This results in two 
advantages. First, the PNA backbone exhibits improved hybridization kinetics. PNAs have larger 
changes in the melting temperature (Tm) for mismatched versus perfectly matched basepairs. DNA 
and RNA typically exhibit a 2-4'C drop in Tm for an internal mismatch. With the non-ionic PNA 
backbone, the drop is closer to 7-9*C. This allows for better detection of mismatches. Similariy. due 
to their non-ionic nature, hybridization of the bases attached to these backbones is relatively 
insensitive to salt concentration. 

The nucleic acids may be single stranded or double stranded, as specified, or contain portions of both 
double stranded or single stranded sequence. The nucleic acid may be DNA, both genomic and 
cDNA, RNA or a hybrid, where the nucleic acid contains any combination of deoxyribo- and ribo- 
nucleotides, and any combination of bases, including uracil, adenine, thymine, cytosine, guanine, 
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inosine. xathanine hypoxathanine, isocytosine. isoguanine, etc. As used herein, the term "nucleoside" 
includes nucleotides and nucleoside and nucleotide analogs, and modified nucleosides such as amino 
modified nucleosides. In addition, "nucleoside" includes non-naturally occuring analog structures. 
Thus for example the individual units of a peptide nucleic acid, each containing a base, are referred to 

5 herein as a nucleoside. 

In a preferred embodiment, the present invention provides methods of detecting target nucleic acids. 
By "target nucleic acid" or "target sequence" or grammatical equivalents herein means a nucleic acid 
sequence on a single strand of nucleic acid. The target sequence may be a portion of a gene, a 
regulatory sequence, genomic DNA, cDNA, RNA including mRNA and rRNA, or others. It may be any 

1 0 length, with the understanding that longer sequences are more specific. In some embodiments, it may 
be desirable to fragment or cleave the sample nucleic acid into fragments of 20 to 1 0.000 basepairs. 
with fragments of roughly 500 basepairs being preferred in some embodiments. For hybridization 
purposes, smaller fragments are generally preferred. As will be appreciated by those in the art, the 
complementary target sequence may take many forms. For example, it may be contained within a 

15 larger nucleic acid sequence, i.e. all or part of a gene or mRNA, a restriction fragment of a plasmid or 
genomic DNA, among others. 

As is outlined more fully below, probes (including primers) are made to hybridize to target sequences 
to determine the presence or absence of the target sequence in a sample. Generally speaking, this 
term will be understood by those skilled in the art 

2 0 The target sequence may also be comprised of different target domains, for example, in "sandwich- 
type assays as outlined below, a first target domain of the sample target sequence may hybridize to a 
capture probe or capture extender probe and a second target domain may hybridize to a portion of an 
amplifier probe, a label probe, or a different capture or capture extender probe, etc. In addition, the 
target domains may be adjacent (i.e. contiguous) or separated. For example, when ligation 

2 5 teohnkiues are used, a first primer may hybridize to a first target domain and a second primer may 

hybridize to a second target domain; either the domains are adjacent, or they may be separated by 
one or more nucleotides, coupled with the use of a polymerase and dNTPs. as is more fully outlined 
below. 

The terms "first" and "second" are not meant to confer an orientation of the sequences with respect to 

3 0 the 5'-3' orientation of the target sequence. For example, assuming a 5-3' orientation of the 

complementaiv target sequence, the first target domain may be located either 5' to the second 
domain, or 3' to the second domain. 
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In a preferred embodiment, the target analyte is a protein. As wilt be appreciated by those in the art. 
there are a large number of possible proteinaceous target analytes that may be detected using the 
present invention. By "proteins" or grammatical equivalents herein is meant proteins, oligopeptides 
and peptides, derivatives and analogs, including proteins containing non-naturally occurring amino 
5 acids and amino acid analogs, and peptidomimetic structures. The side chains may be In either the (R) 
or the (S) configuration. In a preferred embodiment, the amino acids are in the (S) or L-configuration. 
As discussed below, when the protein is used as a binding llgand, it may be desirable to utilize protein 
analogs to retard degradation by sample contaminants. 

Suitable target analytes include carbohydrates, including but not limited to. markers for breast cancer 
10 (CA15-3. CA 549. CA 27.29), mucin-IIke carcinoma associated antigen (MCA), ovarian cancer 
(CA125). pancreatic cancer (DE-PAN-2). and colorectal and pancreatic cancer (CA 19, CA 50. 
CA242). 

These target analytes may be present in any number of different sample types, including, but not 
limited to. bodily fluids including blood, lymph, saliva, vaginal and anal secretions, urine, feces. 
15 perspiration and tears, and solid tissues, including liver, spleen, bone man-ow, lung, muscle, brain, etc. 

Accordingly, the present invention provides microfluidic devices for the detection of target analytes 
comprising a solid substrate. As outlined below, the substrate making up the microfluidic device 
(generally referred to herein as the "device substrate") may be the same or different from the substrate 
of the detection array (generally referred to herein as the "array substrate", defined below). The solid 
2 0 substrate can be made of a wide variety of materials and can be configured in a large number of ways, 
as is discussed herein and will be apparent to one of skill in the art. In addition, a single device may 
comprise more than one substrate; for example, there may be a "sample treatment" cassette that 
interfaces with a separate "detection" cassette; a raw sample is added to the sample treatment 
cassette and is manipulated to prepare the sample for detection, which is removed from the sample 

2 5 treatment cassette and added to the detection cassette. There may be an additional functional 

cassette into which the device fits; for example, a heating element which is placed in contact with the 
sample cassette to effect reactions such as PGR. In some cases, a portion of the substrate may be 
removable; for example, the sample cassette may have a detachable detection cassette, such that the 
entire sample cassette is not contacted with the detection apparatus. See for example U.S. Patent No. 

3 0 5.603,351 and PCT US96/171 16, hereby incorporated by reference. 

The composition of the device substrate will depend on a variety of factors, including the techniques 
used to create the device, the use of the device, the composition of the sample, the analyte to be 
detected, the size of the wells and microchannels. the presence or absence of electronic components. 
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etc. Generally, the devices of the invention should be easily sterilizable. exhibit low fluorescence and 
non-specific binding, be biocompatible and resist temperature changes. 

In a preferred embodiment, the microfluidic solid substrate can be made from a wide variety of 
materials, including, but not limited to, silicon such as silicon wafers, silcon dioxide, silicon nitride, 
glass and fused silica, gallium arsenide, indium phosphide, aluminum, ceramics, polyimide, quartz, 
plastics, resins and polymers including polymethylmethacrylate, acrylics, polyethylene, polyethylene 
terepthalate, polycarbonate, polystyrene and other styrene copolymers, polypropylene, 
polytetrafluoroethylene, superalloys, zircaloy, steel, gold, silver, copper, tungsten, molybdeumn, 
tantalum. KOVAR. KEVLAR, KAPTON, MYLAR, brass, sapphire, etc. High quality glasses such as 
high melting borosilicate or fused silicas may be preferred for their UV transmission properties when 
any of the sample manipulation steps require light based technologies. In addition, as outlined herein, 
portions of the internal surfaces of the device may be coated with a variety of coatings as needed, to 
reduce non-specific binding, to allow the attachment of binding ligands, etc. 

The devices of the invention can be made in a variety of ways, as will be appreciated by those in the 
art. See for example WO96/39260. directed to the formation of fluid-tight electrical conduits; U.S. 
Patent No. 5.747,169. directed to sealing; and EP 0637996 61; EP 0637998 B1; WO96/39260; 
W097/16835; W098/13683; W097/16661; W097/43629; W096/39252; W096/15576; WO96/15450; 
W097/37755; and W097/27324; and U.S. Patent Nos. 5.304,487; 5.071531; 5,061.336; 5,747.169; 
5.296.375; 5.110.745; 5,587.128; 5,498,392; 5.643,738; 5,750,015; 5,726.026; 5,35,358; 5,126,022; 
5.770.029; 5.631,337; 5.569,364; 6,135.627; 5.632,876; 5.593.838; 5,585,069; 5,637.469; 5,486.335; 
5,755.942; 5,681.484; and 5,603,351, all of which are hereby incorporated by reference. Suitable 
fabrication techniques again will depend on the choice of substrate, but preferred methods Include, but 
are not limited to, a variety of micromachining and microfabrication techniques, including film 
deposition processes such as spin coating, chemical vapor deposition, laser fabrication, 
photolithographic and other etching techniques using either wet chemical processes or plasma 
processes, embossing, injection molding, and bonding techniques (see U.S. Patent No. 5,747,169, 
hereby incorporated by reference). In addition, there are printing techniques for the creation of desired 
fluid guiding pathways; that is, patterns of printed material can permit directional fluid transport. Thus, 
the build-up of "ink" can serve to define a flow channel. In addition, the use of different "inks" or 
"pastes" can allow different portions of the pathways having different flow properties. For example, 
materials can be used to change solute/solvent RF values (the ratio of the distance moved by a 
particular solute to that moved by a solvent front). For example, printed fluid guiding pathways can be 
manufactured with a printed layer or layers comprised of two different materials, providing different 
rates of fluid transport. Multi-material fluid guiding pathways can be used when it is desirable to 
modify retention times of reagents in fluid guiding pathways. Furthermore, printed fluid guiding 
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pathways can also provide regions containing reagent substances, by including the reagents in the 
"inks" or by a subsequent printing step. See for example U.S. Patent No. 5.795,453, herein 
incorporated by reference in its entirety. 

in a preferred embodiment, the solid substrate is configured for handling a single sample that may 
5 contain a plurality of target analytes. That is. a single sample is added to the device and the sample 
may either be aliquoted for parallel processing for detection of the analytes or the sample may be 
processed serially, with individual targets being detected in a serial fashion. 

In a preferred embodiment, the solid substrate is configured for handling multiple samples, each of 
which may contain one or more target analytes. In general, in this embodiment, each sample is 
10 handled individually; that is. the manipulations and analyses are done in parallel, with preferably no 
contact or contamination between them. Alternatively, there may be some steps in common; for 
example, it may be desirable to process different samples separately but detect all of the target 
analytes on a single detection array, as described below. 

In addition, it should be understood that while most of the discussion herein is directed to the use of 
15 planar substrates with microchannels and wells, other geometries can be used as well. For example, 
two or more planar substrates can be stacked to produce a three dimensional device, that can contain 
microchannels flowing within one plane or between planes; similarly, wells may span two or more 
substrates to allow for larger sample volumes. Thus for example, both sides of a substrate can be 
etched to contain microchannels; see for example U.S. Patent Nos. 5.603,351 and 5.681,484. both of 
20 which are hereby incorporated by reference. 

Thus, the devices of the invention include at least one microchannel or flow channel that allows the 
flow of sample from the sample inlet port to the other components or modules of the system. The 
collection of microchannels and wells is sometimes referred to in the art as a "mesoscale flow system". 
As will be appreciated by those in the art, the flow channels may be configured in a wide variety of 

2 5 ways, depending on the use of the channel. For example, a single flow channel starting at the sample 

inlet port may be separated into a variety of smaller channels, such that the original sample is divided 
into discrete subsamples for parallel processing or analysis. Alternatively, several flow channels from 
different modules, for example the sample inlet port and a reagent storage module may feed together 
into a mixing chamber or a reaction chamber. As will be appreciated by those in the art, there are a 

3 0 large number of possible configurations; what is important is that the flow channels allow the 

movement of sample and reagents from one part of the device to another. For example, the path 
lengths of the flow channels may be altered as needed; for example, when mixing and timed reactions 
are required, longer and sometimes tortuous flow channels can be used; similarly, longer lengths for 
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separation purposes may also be desirable. Alternatively, the size of a channel may be changed to 
increase or reduce the flow rate of the sample. For example, the size of a channel may be increased 
in order to reduce sample flow rate. 

In general, the microfluidic devices of the invention are generally referred to as "mesoscale" devices. 
The devices herein are typically designed on a scale suitable to analyze microvolumes. although In 
some embodiments large samples (e.g. cc's of sample) may be reduced in the device to a small 
volume for subsequent analysis. That is. "mesoscale" as used herein refers to chambers and 
microchannels that have cross-sectional dimensions on the order of 0.1 \im to 500 pm. The 
mesoscale flow channels and wells have preferred depths on the order of 0.1 pm to 100 pm, typically 
2-50 Mm. The channels have preferred widths on the order of 2.0 to 500 pm, more preferably 3-100 
pm. For many applications, channels of 5-50 pm are useful. However, for many applications, larger 
dimensions on the scale of millimeters may be used. Similarly, chambers (sometimes also referred to 
herein as "wells") in the substrates often will have larger dimensions, on the scale of a few millimeters. 

In addition to the flow channel system, the devices of the invention are configured to include one or 
more of a variety of components, herein referred to as "modules", that will be present on any given 
device depending on Its use. These modules include, but are not limited to: sample inlet ports; sample 
introduction or collection modules; cell handling modules (for example, for cell lysis, cell removal, cell 
concentration, cell separation or capture, cell fusion, cell growth, etc.); separation modules, for 
example, for electrophoresis, gel filtration, sedimentation, etc.); reaction modules for chemical or 
biological alteration of the sample, including amplification of the target analyte (for example, when the 
target analyte is nucleic acid, amplification techniques are useful, including, but not limited to 
polymerase chain reaction (PCR). ligase chain reaction (LCR). strand displacement amplification 
(SDA). and nucleic acid sequence based amplification (NASBA)). chemical, physical or enzymatic 
cleavage or alteration of the target analyte, or chemical modification of the target; fluid pumps; fluid 
valves; heating modules; storage modules for assay reagents; mixing chambers; and detection 
modules. 

In a preferred embodiment, the devices of the invention include at least one sample inlet port for the 
introduction of the sample to the device. This may be part of or separate from a sample introduction or 
collection module; that is. the sample may be directly fed in from the sample inlet port to a separation 
chamber, or it may be pretreated in a sample collection well\ or chamber. 


By port is meant a point of entry or exit, for example from a channel or well, that regulates flow of the 
sample. In one embodiment, the port is sealable, that is forms a seal such that the sample will not flow 
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from sealed reservoir. The port may be a physical barrier to flow, such as a stopper or diaphragm. 
Alternatively, the port or barrier to flow is regulated by flow pressure, electric current and the like. 

As one of ordinary skill in the art appreciates, ports may not be necessary at all points of entry or exit 
between the various wells and channels. However, when necessary, ports may be included at any 
entry or exit points. For example, in one embodiment, a sample handling well comprises a well inlet 
port and optionally a well outlet port. Similarly, a detection module comprises an inlet port and an 
outlet port. 

In a preferred embodiment, the devices of the invention include a sample collection module, which can 
be used to concentrate or enrich the sample if required; for example, see U.S. Patent No. 5,770.029. 
including the discussion of enrichment channels and enrichment means. 

In a prefen^d embodiment, the devices of the invention include a cell handling module. This is of 
particular use when the sample comprises cells that either contain the target analyte or that must be 
removed in order to detect the target analyte. Thus, for example, the detection of particular antibodies 
in blood can require the removal of the blood cells for efficient analysis, or the cells must be lysed prior 
to detection. In this context, "cells' include viral particles that may require treatment prior to analysis, 
such as the release of nucleic add from a viral particle prior to detection of target sequences. In 
addition, cell handling modules may also utilize a downstream means for determining the presence or 
absence of cells. Suitable cell handling modules include, but are not limited to. cell lysis modules, cell 
removal modules, cell concentration modules, and cell separation or capture modules. In addition, as 
for all the modules of the invention, the ceil handling module is in fluid communication via a flow 
channel with at least one other module of the invention. 

. In a preferred embodiment, the cell handling module includes a cell lysis module. As is known in the 
art. cells may be lysed in a variety of ways, depending on the cell type. In one embodiment, as 
described in EP 0 637 998 B1 and U.S. Patent No. 5.635,358, hereby incorporated by reference, the 
cell lysis module may comprise cell membrane piercing protrusions that extend from a surface of the 
cell handling module. As fluid is forced through the device, the cells are ruptured. Similarly, this may 
be accomplished using sharp edged particles trapped within the cell handling region. Alternatively, the 
cell lysis module can comprise a region of restricted cross-sectional dimension, which results in cell 
lysis upon pressure. 

In a preferred embodiment, the cell lysis module comprises a cell lysing agent, such as detergents, 
NaOH. enzymes, proteinase K. guanidinium HCL, etc. In some embodiments, for example for blood 
cells, a simple dilution with water or buffer can result in hypotonic lysis. The lysis agent may be 
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solution form, stored within the cell lysis module or in a storage module and pumped into the lysis 
module. Alternatively, the lysis agent may be In solid form, that is taken up in solution upon 
introduction of the sample. Temperature or mixing may also be applied. 

The cell lysis module may also include, either internally or extemally, a filtering module for the removal 
of cellular debris as needed. This filter may be microfabricated between the cell lysis module and the 
subsequent module to enable the removal of the lysed cell membrane and other cellular debris 
components; examples of suitable filters are shown in EP 0 637 998 B1. incorporated by reference. 

In a preferred embodiment, the cell handling module includes a cell separation or capture module. 
This embodiment utilizes a cell capture region comprising binding sites capable of reversibly binding a 
cell surface molecule to enable the selective isolation (or removal) of a particular type of cell from the 
sample population. These binding moieties may be immobilized either on the surface of the module or 
on a particle trapped within the module (i.e. a bead) by physical absorption or by covalent attachment. 
Suitable binding moieties will depend on the cell type to be isolated or removed, and generally 
includes antibodies and other binding ligands, such as ligands for cell surface receptors, etc. Thus, a 
particular cell type may be removed from a sample prior to further handling, or the assay is designed 
to specifically bind the desired cell type, wash away the non-desirable cell types, followed by either 
release of the bound cells by the addition of reagents or solvents, physical removal (i.e. higher flow 
rates or pressures), or even in situ lysis. 

Alternatively, a cellular "sieve" can be used to separate cells on the basis of size or shape. This can 
be done in a variety of ways, including protrusions from the surface that allow size exclusion, a series 
of narrowing channels, or a diafiltration type setup. 

In a preferred embodiment, the cell handling module includes a cell removal module. This may be 
used when the sample contains cells that are not required in the assay. Generally, cell removal will be 
done on the basis of size exclusion as for "sieving", above, with channels exiting the cell handling 
module that are too small for the cells; filtration and centrifugation may also be done. 

In a preferred embodiment, the cell handling module includes a cell concentration module. As will be 
appreciated by those in the art. this is done using "sieving" methods, for example to concentrate the 
cells from a large volume of sample fluid prior to lysis, or centrifugation. 

In a preferred embodiment, the devices of the invention include a separation module. Separation in 
this context means that at least one component of the sample is separated from other components of 


11 


wo 00/71243 


PCT/USOO/13942 


the sample. This can comprise the separation or isolation of the target analyte, or the removal of 
contaminants that interfere with the analysis of the target analyte. depending on the assay. 

In a preferred embodiment, the separation module includes chromatographic-type separation media 
such as absorptive phase materials, including, but not limited to reverse phase materials (Ce or C,^ 
coated particles, etc.). ion-exchange materials, affinity chromatography materials such as binding 
ligands. etc. See U.S. Patent No. 5,770.029. 

In a prefen-ed embodiment, the separation module utilizes binding ligands, as is generally outlined 
herein for cell separation or analyte detection. In this embodiment, binding ligands are immobilized 
(again, either by physical absorption or covalent attachment, described below) within the separation 
module (again, either on the internal surface of the module, on a particle such as a bead, filament or 
capillary trapped within the module, for example through the use of a frit). Suitable binding moieties 
will depend on the sample component to be isolated or removed. By "binding ligand" or grammatical 
equivalents herein is meant a compound that is used to bind a component of the sample, either a 
contaminant (for removal) or the target analyte (for enrichment). In some embodiments, as outlined 
below, the binding ligand is used to probe for the presence of the target analyte, and that wilt bind to 
the analyte. 

As will be appreciated by those in the art, the composition of the binding ligand will depend on the 
sample component to be separated. Binding ligands for a wide variety of analytes are known or can 
be readily found using known techniques. For example, when the component is a protein, the binding 
ligands include proteins (particularly including antibodies or fragments thereof (FAbs. etc.)) or small 
molecules. When the sample component is a metal ion, the binding ligand generally comprises 
traditional metal ion ligands or chelators. Preferred binding ligand proteins include peptides. For 
example, when the component is an enzyme, suitable binding ligands include substrates and 
inhibitors. Antigen-antibody pairs, receptor-llgands, and carbohydrates and their binding partners are 
also suitable component-binding ligand pairs. The binding ligand may be nucleic acid, when nucleic 
acid binding proteins are the targets; alternatively, as is generally described in U.S. Patents 5,270,163, 
5.475,096, 5.567.588. 5,595.877. 5.637,459, 5,683,867,5.705,337, and related patents, hereby 
incorporated by reference, nucleic acid "aptomers" can be developed for binding to virtually any target 
analyte. Similarly, there is a wide body of literature relating to the development of binding partners 
based on combinatorial chemistry methods. In this embodiment, when the binding ligand is a nucleic 
acid, preferred compositions and techniques are outlined in PCT US97/20014, hereby incorporated by 
reference. 
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In a preferred embodiment, the binding of the sample component to the binding llgand is specific, and 
the binding llgand Is part of a binding pair. By "specifically bind" herein is meant that the ligand binds 
the component, for example the target analyte, with specificity sufficient to differentiate between the 
analyte and other components or contaminants of the test sample. The binding should be sufficient to 
remain bound under the conditions of the separation step or assay, including wash steps to remove 
non-specific binding. In some embodiments, for example in the detection of certain biomolecules. the 
disassooiation constants of the analyte to the binding ligand will be less than about 10-^-10-^ W, with 
less than about 10"^ to 1 0"^ M"^ being preferred and less than about 1 0 ' -1 0 « M ' being particularly 
preferred. 

As will be appreciated by those in the art. the composition of the binding ligand will depend on the 
composition of the target analyte. Binding ligands to a wide variety of analytes are known or can be 
readily found using known techniques. For example, when the analyte is a single-stranded nucleic 
acid, the binding ligand is generally a substantially complementary nucleic acid. Similarly the analyte 
may be a nucleic acid binding protein and the capture binding ligand is either a single-stranded or 
double-stranded nucleic acid; altematively. the binding ligand may be a nucleic acid binding protein 
when the analyte is a single or double-stranded nucleic acid. When the analyte is a protein, the 
binding ligands include proteins or small molecules. Prefen-ed binding ligand proteins include 
peptides. For example, when the analyte is an enzyme, suitable binding ligands include substrates, 
inhibitors, and other proteins that bind the enzyme, i.e. components of a multi-enzyme (or protein) 
complex. As will be appreciated by those in the art. any two molecules that will associate, preferably 
specifically, may be used, either as the analyte or the binding ligand. Suitable analyte/binding ligand 
pairs include, but are not limited to, antibodies/antigens, receptors/ligand, proteins/nucleic acids; 
nucleic acids/nucleic acids, enzymes/substrates and/or inhibitors, carbohydrates (Including 
glycoproteins and glycolipids)/lectins. carbohydrates and other binding partners, proteins/proteins; and 
protein/small molecules. These may be wild-type or derivative sequences. In a prefen-ed 
embodiment, the binding ligands are portions (particularly the extracellular portions) of cell surface 
receptors that are known to multimerize. such as the growth hormone receptor, glucose transporters 
(particularly GLUT4 receptor), transferrin receptor, epidermal growth factor receptor, low density 
lipoprotein receptor, high density lipoprotein receptor, leptin receptor, interleukin receptors including 
IL-1. IL-2. IL-3. IL-4, IL-5. IL-6, IL-7. IL-8. IL-9. IL-11, IL-12. IL-13. IL-15 and IL-17 receptors. VEGF 
receptor. PDGF receptor. EPO receptor. TPO receptor, ciliary neurotrophic factor receptor, prolactin 
receptor, and T-cell receptors. 

When the sample component bound by the binding ligand is the target analyte. it may be released for 
detection purposes if necessary, using any number of known techniques, depending on the strength of 
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the binding interaction, including changes in pH. salt concentration, temperature, etc. or the addition of 
competing ligands, etc. 

In a preferred embodiment, the separation module includes an electrophoresis module, as is generally 
described in U.S. Patent Nos. 5,770,029; 5,126.022; 5,631.337; 5.569,364; 5,750,015, and 5.135,627. 
all of which are hereby Incorporated by reference. In electrophoresis, molecules are primarily 
separated by different electrophoretic mobilities caused by their different molecular size, shape and/or 
charge. Microcapillary tubes have recently been used for use in microcapillary gel electrophoresis 
(high performance capillary electrophoresis (HPCE)). One advantage of HPCE is that the heat 
resulting from the applied electric field is efficiently disippated due to the high surface area, thus 
allowing fast separation. The electrophoresis module serves to separate sample components by the 
application of an electric field, with the movement of the sample components being due either to their 
charge or, depending on the surface chemistry of the microchannel, bulk fluid flow as a result of 
electnDOsmotic flow (EOF). 

As will be appreciated by those in the art, the electrophoresis module can take on a variety of fonns, 
and generally comprises an electrophoretic microchannel and associated electrodes to apply an 
electric field to the electrophoretic microchannel. Waste fluid outlets and fluid reservoirs are present 
as required. 

The electrodes comprise pairs of electrodes, either a single pair, or, as described in U.S. Patent Nos. 
5,126.022 and 5.7S0.015, a plurality of pairs. Single pairs generally have one electrode at each end of 
the electrophoretic pathway. Multiple electrode pairs may be used to precisely control the movement 
of sample components, such that the sample components may be continuously subjected to a plurality 
of electric fields either simultaneously or sequentially. 

In a preferred embodiment, electrophoretic gel media may also be used. By varying the pore size of 
the media, employing two or more gel media of different porosity, and/or providing a pore size 
gradient, separation of sample components can be maximized. Gel media for separation based on 
size are known, and include, but are not limited to, polyacrylamide and agarose. One preferred 
electrophoretic separation matrix is described in U.S. Patent No. 5,135,627, hereby incorporated by 
reference, that describes the use of "mosaic matrix", formed by polymerizing a dispersion of 
microdomains ("dispersoids") and a polymeric matrix. This allows enhanced separation of target 
analytes. particularly nucleic acids. Similariy, U.S. Patent No. 5,569.364, hereby incorporated by 
reference, describes separation media for electrophoresis comprising submicron to above-micron 
sized cross-linked gel particles that find use in microfiuidic systems. U.S. Patent No. 5,631 .337. 
hereby incorporated by reference, describes the use of thermoreversible hydrogels comprising 
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polyacrylamide backbones with N-substituents that serve to provide hydrogen bonding groups for 
improved electrophoretic separation. See also U.S. Patent Nos. 5,061.336 and 5.071,531. directed to 
methods of casting gels in capillary tubes. 

In a preferred embodiment, the devices of the invention include a reaction module. This can include 
either physical, chemical or biological alteration of one or more sample components. Alternatively. It 
may include a reaction module wherein the target analyte alters a second moiety that can then be 
detected; for example, if the target analyte is an enzyme, the reaction chamber may comprise a 
substrate that upon modification by the target analyte, can then be detected. In this embodiment, the 
reaction module may contain the necessary reagents, or they may be stored in a storage module and 
pumped as outlined herein to the reaction module as needed. 

In a preferred embodiment, the reaction module includes a chamber for the chemical modification of all 
or part of the sample. For example, chemical cleavage of sample components (CNBr cleavage of 
proteins, etc.) or chemical cross-linking can be done. PCT US97/07880. hereby incorporated by 
reference, lists a large number of possible chemical reactions that can be done in the devices of the 
invention, including amide fomiation. acylation, alkylation, reductive amination. Mitsunobu, Diels Alder 
and Mannich reactions, Suzuki and Stille coupling, etc. Similarly, U.S. Patent Nos. 5.616.464 and 
5.767,259 describe a variation of ligation chain reaction (LCR; sometimes also referred to as 
oligonucleotide ligation amplification or OLA) that utilizes a "chemical ligation" of sorts. In this 
embodiment, similar to LCR. a pair of primers are utilized, wherein the first primer is substantially 
complementary to a first domain of the target and the second primer is substantially complementary to 
an adjacent second domain of the target (although, as for LCR. if a "gap" exists, a polymerase and 
dNTPs may be added to "fill in" the gap). Each primer has a portion that acts as a "side chain" that 
does not bind the target sequence and acts one half of a stem structure that interacts non-covalently 
through hydrogen bonding, salt bridges, van der Waal's forces, etc. Preferred embodiments utilize 
substantially complementary nucleic acids as the side chains. Thus, upon hybridization of the primers 
to the target sequence, the side chains of the primers are brought into spatial proximity, and, if the side 
chains comprise nucleic acids as well, can also form side chain hybridization complexes. At least one 
of the side chains of the primers comprises an activatable cross-linking agent, generally covalently 
attached to the side chain, that upon activation, results in a chemical cross-link or chemical ligation. 
The activatible group may comprise any moiety that will allow cross-linking of the side chains, and 
include groups activated chemically, photonically and thennally, with photoactivatable groups being 
preferred. In some embodiments a single activatable group on one of the side chains is enough to 
result in cross-linking via interaction to a functional group on the other side chain; in alternate 
embodiments, activatable groups are required on each side chain. 
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in a preferred embodiment, the reaction module includes a chamber for the biological alteration of all 
or part of the sample. For example, enzymatic processes including nucleic acid amplification and 
other nucleic acid modifications including ligation, cleavage, circularization, supercoiling. methylation. 
acetylation. sequencing, genotyping; hydrolysis of sample components or the hydrolysis of substrates 
by a target enzyme, the addition or removal of detectable labels, the addition or removal of phosphate 
groups, protein modification (acylation, glycosylation. addition of lipids, carbohydrates, etc.), the 
synthesis/modification of small molecules, etc. See also, U.S.S.N. 09/553.093 filed April 20. 1999, 
which is expressly incorporated herein by reference. 

In a preferred embodiment, the target analyte is a nucleic acid and the biological reaction chamber 
allows amplification of the target nucleic acid. Suitable amplification techniques include, both target 
amplification and probe amplification, including, but not limited to, polymerase chain reaction (PCR), 
llgase chain reaction (LCR), strand displacement amplification (SDA), self-sustained sequence 
replicatton (3SR), QB replicase amplification (QBR), repair chain reaction (RCR). cycling probe 
technology or reaction (CPT or CPR). Invader™, and nucleic acid sequence based amplification 
(NASBA). Techniques utilizing these methods are well known in the art. In this embodiment, the 
reaction reagents generally comprise at least one enzyme (generally polymerase), primers, and 
nucleoside triphosphates as needed. 

In a preferred embodiment the microfluidic device comprises a plurality of reaction modules. In this 
embodiment, the reaction modules may perform different functions. That is. for example, one reaction 
module performs PCR while another perfomis QBR. Altematively. each reaction module performs the 
same function. What is important Is that the reaction modules are connected to a detection module for 
analysis as outlined below. 

General techniques for nucleic acid amplification are discussed below. In most cases, double 
stranded target nucleic acids are denatured to render them single stranded so as to permit 
hybridization of the primers and other probes of the invention. A preferred embodiment utilizes a 
thermal step, generally by raising the temperature of the reaction to about gs'C, although pH changes 
and other techniques such as the use of extra probes or nucleic acid binding proteins may also be 
used. 

A probe nucleic acid (also referred to herein as a primer nucleic acid) is then contacted to the target 
sequence to form a hybridization complex. By "primer nucleic acid" herein is meant a probe nucleic 
acid that will hybridize to some portion, i.e. a domain, of the target sequence. Probes of the present 
invention are designed to be complementary to a target sequence (either the target sequence of the 
sample or to other probe sequences, as is described below), such that hybridization of the target 
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sequence and the probes of the present invention occurs. As outlined below, this complementarity 
need not be perfect: there may be any number of base pair mismatches which will interfere w.th 
hybridization between the target sequence and the single stranded nucleic acids of the present 
invention However, if the number of mutations is so great that no hybrid^ation can occur under even 
me least stringent of hybridization conditions, the sequence is not a complementary target sequence. 
Thus, by "substantially complementary" herein is meant that the probes are sufficiently complementary 
to the target sequences to hybridize under normal reaction conditions. 

A variety of hybridization conditions may be used in the present invention, including high, moderate 
and low stringency conditions; see for example Maniatis et al. Molecular Cloning: A Laboratory 
Manual 2d Edition, 1989. and Short Protocols in Molecular Biology, ed. Ausubel. et al. hereby 
incorpo'rated by reference. Stringent conditions are sequence-dependent and will be different .n 
different circumstances. Longer sequences hybridize specifically at higher temperatures. An 
extensive guide to the hybridization of nucleic acids is found in Tijssen. Techniques in Biochemistry 
and Molecular Biology-Hybridization with Nucleic Acid Probes. "Overview of principles of hybnd^ation 
and the strategy of nucleic acid assays" (1993). Generally, stringent conditions are selected to be 
about 5-10-C tower than the thermal melting point (Tm) for the specific sequence at a defined ionic 
strength pH. The Tm is the temperature (under defined ionic strength, pH and nucleic acd 
concentration) at which 50% of the probes complementary to the target hybridize to the target 
sequence at equilibrium (as the target sequences are present in excess, at Tm. 50% of the probes are 
occupied at equilibrium). Stringent conditions will be those In which the salt concentration is less than 
about 1 0 sodium ion. typically about 0.01 to 1 .0 M sodium ion concentration (or other salts) at pH 7.0 
to 8 3 and the temperature is at least about SO'C for short probes (e.g. 10 to 50 nucleotides) and at 
least about 60-C for long probes (e.g. greater than 50 nucleotides). Stringent conditions may also be 
achieved with the addition of destabilizing agents such as fomiamide. The hybridization conditions 
may also vary when a non-ionic backbone. Le. PNA is used, as is known in the art. In addition, cross- 
linking agents may be added after target binding to cross-link. i.e. covalently attach, the two strands of 
the hybridization complex. 

Thus the assays are generally run under stringency conditions which allows formation of the 
hybrid-nation complex only in the presence of target. Stringency can be controlled by attering a step 
parameter that is a themiodynamic variable. Including, but not limited to. temperature, fomnamide 
concentration, salt concentration, chaotropic satt concentration pH. organic solvent concentration, etc. 

These parameters may also be used to control non-specific binding, as is generally outlined in U.S. 
Patent No. 5.681 .697. Thus it may be desirable to perfomn certain steps at higher stnngency 
conditions to reduce non-specific binding. 
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The size of the primer nucleic acid may vary, as will be appreciated by those in the art, in general 
varying from 5 to 500 nucleotides in length, with primers of between 10 and 100 being preferred, 
between 15 and 50 being particularly preferred, and from 10 to 35 being especially preferred, 
depending on the use and amplification technique. 

in addition, the different amplification techniques may have further requirements of the primers, as is 
more fully described below. 

once the hybridization complex between the primer and the target sequence has been fomied. an 
enzyme sometimes temned an "amplification enzyme", is used to modify the primer. As for all the 
methods outlined herein, the enzymes may be added at any point during the assay, either pnor to. 
during or after the addition of the primers. The identification of the enzyme will depend on the 
ampl^'cation technique used, as is more fully outlined below. Similarly, the modification will depend on 
the amplification technique, as ouUined below, although generally the first step of all the reactions 
herein is an extension of the primer, that is, nucleotides are added to the primer to extend .ts length. 

once the enzyme has modified the primer to form a modiffed primer, the hybridization complex is 
disassociated. Generally, the amplification steps are repeated for a period of time to allow a number 
of cycles depending on the number of copies of the original target sequence and the sensitivity of 
detection, with cycles ranging from 1 to thousands, with from 10 to 100 cycles being preferred and 
from 20 to 50 cycles being especially prefen-ed. 

After a suitable time or amplification, the modified primer is moved to a detection module and 
incorporated into an assay complex, as is more fully outlined below. The assay complex is attached to 
a microsphere on an array substrate and then detected, as is described below. 

in a preferred embodiment the amplification is target amplificafion. Target amplification involves the 
amplification (replication) of the target sequence to be detected, such that the number of copies of the 
tamet sequence is increased. Suitable target amplification techniques include, but are not limited to. 
the polymerase chain reaction (PGR), strand displacement amplication (SDA), and nucleic acid 
sequence based amplification (NASBA). 

in a preferred embodiment, the target amplification technique is PGR. The polymerase chain reaction 
(PGR) is widely used and described, and involve the use of primer extension combined with thennal 
cycling to amplify a target sequence; see U.S. Patent Nos. 4.683,195 and 4.683.202, and PGR 
Essential Data. J. W. V«ley & sons. Ed. G.R. Newton. 1995, all of which are incorporated by reference, 
in addition, there are a number of variations of PGR which also find use in the invention, including 
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"quantitative competitive PGR" or"QC-PCR". "arbitrarily primed PCR" or"AP-PCR" , -immuno-PCR", 
"Alu-PCR" TCP sir,gle strand conformational polymorphism" or TCR-SSCP". "reverse transcnptase 
PCR" or -RT-PCR", "biotin capture PCR". Vectorette PCR". "panhandle PCR". and "PCR select cDNA 

subtration", among others. 

in general. PCR may be briefly described as follows. A double stranded target nucleic acid is 
denatured, generally by raising the temperature, and then cooled in the presence of an excess^ a 
PCR primer, which then hybridizes to the first target strand. A DNA polymerase then acts to extend 
the primer, resulting In the synthesis of a new strand fomiing a hybrid'^ation complex. The sample .s 
then heated again, to disassociate the hybrid^ation complex, and the process Is repeated. By usmg a 
second PCR primer for the complementary target strand, rapid and exponential amp.if.ca«on occurs. 
Thus PCR steps are denaturation. annealing and extension. The particulars of PCR are well known, 
and include the use of a thermostabile polymerase such as Taq 1 polymerase and themial cycling. 

Accordingly, the PCR reaction requires at least one PCR primer and a polymerase. Mesoscale PCR 
devices arl described in U.S. Patent Nos. 5,498,392 and 5.587.128. and WO 97,16561. .ncorporated 
by reference. 

,n a preferred embodiment, the target amplification technique is SDA Strand displacement 
amplification (SDA) is general^ described in Walker at al.. in Molecular Methods for Virus DeteCon, 
Academic Pr.ss. Inc.. 1995. and U.S. Patent Nos. 5.455,166 and 5.130.238. all of which are hereby 
expressly incorporated by reference in their entirety. 

in general. SDA may be described as foltows. A single stranded target nucleic acki. usually a DMA 
target sequence, is contacted with an SDA primer. An "SDA primer" generally has a length of 25-100 
nucleotides, with SDA primers of approximately 35 nucleotides being preferred. An SDA pnmer ,s 
substantially complementary to a region at the 3' end of the target sequence, and the pnmer has a 
sequence at its 5' end (outside of the region that is complementary to the target) that is a recognition 
sequence for a restriction endonuclease. sometimes referred to herein as a "nicking enzyme" or a 
•nicking endonuclease". as outlined below. The SDA primer then hybridizes to the target sequence. 
The SDA reaction mixture also contains a polymerase (an "SDA polymerase", as outlined below) and 
a mixture of all four deoxynucleoside-triphosphates (also called deoxynucleotides or dNTPs. i.e. dATP. 
dTTP dCTP and dGTP). at least one species of which is a substituted or modified dNTP; thus, the 
SDA primer is modified. i.e. extended, to form a modified primer, sometimes referred to herein as a 
"newly synthes'^ed strand". The substituted dNTP is modified such that it will inhibit cleavage in the 
strand containing the substituted dNTP but will no. inhibit cleavage on the ott^er strand. Examptes of 
suitable substituted dNTPs include, but are not limited, rdeoxyadenosine 5--0-(1-thiotriphosphate). 5- 
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methyldeoxycytidine S'-triphosphate. Z-deoxyuridine S'-triphosphate. adn 7-deaza-2-.deoxyguanosine 
5--triphosphate. In addition, the substitution of the dNTP may occur after incorporation into a newly 
synthesized strand; for example, a methylase may be used to add methyl groups to the synthesized 
strand In addition, if all the nucleotides are substituted, the polymerase may have 5--3' exonuclease 
activity. However, if less than all the nucleotides are substituted, the polymerase preferably lacks 5'-3- 
exonuclease activity. 

As will be appreciated by those in the art. the recognition site/endonuclease pair can be any of a wide 
variety of known combinations. The endonuclease is chosen to cleave a strand either at the 
recognition srte. or either 3' or 5' to it, without cleaving the complementary sequence, either because 
the enzyme only cleaves one strand or because of the incorporation of the substituted nucleofdes. 
Suitable recognition site/endonuclease pairs are well known in the art; suitable endonucleases include, 
but are not limrted to. Hindi. Hindll. Aval. Fnu4Hl. Tthllll. Nell. BstXl, Baml, etc. A chart depicting 
suitable enzymes, and their corresponding recognition sites and the modified dNTP to use is found .n 
U.S. Patent No. 5.455.166. hereby expressly incorporated by reference. 

Once nicked a po^merase (an "SDA polymerase") is used to extend the newly nicked strand. 5--3-. 
thereby creating another newly synthesteed strand. The polymerase chosen should be able to .nUate 
5--3- polymerization at a nick site, should also displace the polymerized strand downstream from the 
nick and should lack 5--3' exonuclease activity (this may be additionally accomplished by the addition 
of a blocking agent). Thus, suitable polymerases in SDA include, but are not limited to. the Klenow 
fragment of DNA polymerase I. SEQUENASE 1.0 and SEQUENASE 2,0 (U.S. Biochemical). T5 DNA 
polymerase and Phi29 DNA polymerase. 

Accordingly, the SDA reaction requires, in no particular order, an SDA primer, an SDA polymerase, a 
nicking endonuclease, and dNTPs, at least one species of which is modified. 

m general SDA does not require thermocycling. The temperature of the reaction is generally set to be 
high enough to prevent non-specific hybridteation but low enough to allow specific hybridization; this is 
generally from about 37-C to about 42'C. depending on the enzymes. 


In a 


preferred embodiment, as for most of the amplification techniques described herein, a second 
amplification reaction can be done using the complementary target sequence, resulting in a substantial 
increase in amplification during a set period of time. That is. a second primer nucleic acid is 
hybridfeed to a second ta-^et sequence, that is substantially complementary to the first target 
sequence, to form a second hybridization complex. The addition of the enzyme, followed by 
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disassociation of the second hybridization complex, results in the generation of a number of newly 
synthesized second strands. 

,n this way. a number of target molecules are made, and transferred to a detection module described 
^,ow A is more fully outlined below, these reactions (that is, the products of these react.ons) can ^ 
detected in a number of ways. In gene... either direct or indirect detection of the target products can 
be done "Direcr detection as used in this context, as for the other amplification strBteg.es outlined 
herein requires the Incorporation of a tebel. either through the incorporation of the label m the 
amplifica«on phmers or by polymerase incorporation of labeled nucleo^des into the grow-ng strand. 
Mematively. Indirect detection proceeds as a sandwich assay, with the new^. synthesized strands 
containing few or no labels. Detection then proceeds via the use of label probes comprising a 
fluorescent label; these label probes will hybridize either directly to the newly synthes^ed strand or to 
intermediate probes such as amplification probes. 

in a preferred embodiment, the target amplification technique is nucleic acid sequence based 
ampLtion (NASBA). NASBA is generally described in U.S. Patent No. 5,409.818 an ro«.ng 
frol Gene-based Diagnos.cs". CTB International Publishing Inc.. N.J.. 1996. both of which are 
expressly incorporated by reference in their entirety. 

,n general. NASBA may be described as follows. A single stranded target nucleic acid^usually an 
RNA target sequence (sometimes referred to herein as "the first target sequence or tl.e first 
template"), is contacted w«h a first NASBA primer. A "NASBA primer" generally has a length 2^ 
100 nucleotides, with NASBA primers of approximately 50-75 nucleotides being preferred. T e 
NASBA primer is preferably a DNA primer that has at its 3- end a sequence that is substantially 
complementary to the 3" end of the first template. The first NASBA primer has an RNA polyme^se 
promoter at its 5' end. The first NASBA primer is then hybridized to the first template to form a first 
ybridization complex. The NASBA reaction mixture also includes a is" 
« ASBA reverse transcriptase") and a mixture of the four dNTPs. such that the first NASBA pnmer . 
modified. i.e. extended, to form a modified first primer, comprising a hybridlzafion complex of RNA (the 
first template) and DNA (the newly synthesized strand). 

By "reverse transcriptase" or "RNA-directed DNA po^merase" herein is meant an enzyme capable of 
synthesizing DNA from a DNA primer and an RNA template. Suitable RNA-directed DNA 
polymerases include, but are not limited to. avian myloblastosis virus reverse transcnptase ( AMV 

RT") and the Moloney murine leukemia virus RT. 
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,n addition to the components listed above, the NASBA reaction also includes an RNA degrading 
enzyme also sometimes referred to herein as a ribonuclease. that will hydrolyze RNA of an RNA:DNA 
hybrid without hydrolyzing single- or double-stranded RNA or DNA. Suitable ribonucleases include, 
but are not limited to. RNase H from £ coli and calf thymus. 

The ribonuclease degrades the first RNA template in the hybridization complex, resulting in a 
disassociation of the hybridization complex leaving a first single stranded newly synthesized DNA 
strand, sometimes referred to herein as "the second template". 

In addrtion the NASBA reaction also includes a second NASBA primer, generally comprising DNA 
(although as for all the probes herein, including primers, nucleic acid analogs may also be used). This 
second NASBA primer has a sequence at its 3' end that is substantially complementary to the 3' end 
of the second template, and also contains an antisense sequence for a functional promoter and the 
antisense sequence of a transcription initiation site. Thus, this primer sequence, when used as a 
template for synthesis of the third DNA template, contains sufficient information to allow specific and 
efficient binding of an RNA potymerase and initiation of transcription at the desired site. Preferred 
embodiments utifees the antisense promoter and transcription initiation site are that of the T7 RNA 
polymerase, although other RNA polymerase promoters and initiation sites can be used as well, as 
outlined below. 

The second primer hybridizes to the second template, and a DNA polymerase, also teme6 a "DNA- 
directed DNA polymerase", also present in the reaction, synthesizes a third template (a second newly 
synthesized DNA strand), resulting in second hybridization complex comprising two newly synthesized 
DNA strands. 

Finally the inclusion of an RNA polymerase and the required four ribonucleoside triphosphates 
(ribonucleotides or NTPs) results in the synthesis of an RNA strand (a third newly synthes^ed strand 
that is essentially the same as the first template). The RNA polymerase, sometimes referred to herein 
as a "DNA-directed RNA polymerase", recognizes the promoter and specifically initiates RNA 
synthesis at the initiation site. In addition, the RNA polymerase preferably synthesizes several copies 
of RNA per DNA duplex. Preferred RNA polymerases include, but are not limited to. T7 RNA 
polymerase, and other bacteriophage RNA polymerases including those of phage T3. phage <l.ll. 
Salmonella phage sp6, or Pseudomonase phage gh-1. 

Accordingly, the NASBA reaction requires, in no particular order, a first NASBA primer, a second 
NASBA primer comprising an antisense sequence of an RNA polymerase promoter, an RNA 
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polymerase that recognizes the promoter, a reverse transcriptase, a DNA polymerase, an RNA 
degrading enzyme. NTPs and dNTPs, in addition to the detection components outlined below. 

These components resutt in a single starting RNA template generating a single DNA duplex; however, 
since this DNA duplex results in the creation of multiple RNA strands, which can then be used to 
initiate the reaction again, amplification proceeds rapidly. 

As outlined herein, the detection of the newly synthesized strands can proceed in several ways. 
Direct detection can be done in the detection module when the newly synthesized strands comprise 
ETM labels either by incorporation into the primers or by incorporation of modified labelled nucleotides 
into the growing strand. Mematively. as is more fully outlined below, indirect detection of unlabelled 
strands (which now serve as "targets" in the detection mode) can occur using a variety of sandwich 
assay configurations. As will be appreciated by those in the art. it is preferable to detect DNA strands 
during NASBA since the presence of the ribonuclease makes the RNA strands potentially labile. 

In a preferred embodiment, the amplification technique is signal amplification. Signal amplification 
irivolves the use of limited number of target molecules as templates to either generate multiple 
signalling probes or altow the use of multiple signalling probes. Signal amplification strategies include 
LCR. CPT, Invader™ technology and the use of amplification probes in sandwich assays. 

In a preferred embodiment, the signal amplification technique is LCR. The method can be run in two 
different ways; in a first embodiment, only one strand of a target sequence is used as a template for 
ligation; alternatively, both strands may be used. See generally U.S. Patent Nos. 5.185,243 and 
5 573 907- EP 0 320 308 B1; EP 0 336 731 B1; EP 0 439 182 81; WO 90/01069; WO 89/12696; and 
WO 89/09835. and U.S.S.N.s 60/078.102 and 60/073.01 1 , all of which are incorporated by reference. 

In a preferred embodiment, the single-stranded target sequence comprises a first target domain and a 
second target domain, and a first LCR primer and a second LCR primer nucleic acids are added, that 
are substantially complementary to its respective target domain and thus will hybridize to the target 
domains. These target domains may be directly adjacent, i.e. contiguous, or separated by a number 
of nucleotides. If they are non-contiguous, nucleotides are added along with means to join 
nucleotides, such as a polymerase, that will add the nucleotides to one of the primers. The two LCR 
primers are then covalentV attached, for example using a ligase enzyme such as is known in the art. 
This fomis a first hybridization complex comprising the ligated probe and the target sequence. This 
hybridization complex is then denatured (disassociated), and the process is repeated to generate a 
pool of ligated probes. In addition, it may be desirable to have the detection probes, described below. 
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comprise a mismatch at the probe junction site, such that the detection probe cannot be used as a 
template for ligation. 

,n a preferred embodiment, LCR is done for t.o strands of a double-stranded target sequence. The 
target sequence is denatured, and two sets of probes are added: one set as outlined above for one 
strand of the target, and a separate set (i.e. third and fourth primer robe nucleic acids) for the other 
strand of the target. In a preferred embodiment, the first and third probes will hybridize, and the 
second and fourth probes will hybridize, such that amplification can occur. That is. when the first and 
second probes have been attached, the ligated probe can now be used as a template, in additK)n to 
the second target sequence, for the attachment of the third and fourth probes. Similarly, the ligated 
third and fourth probes will serve as a template for the attachment of the first and second probes, .n 
addition to the first target strand. In this way, an exponential, rather than just a linear, amplification 
can occur. 

Again as ouUined above, the detection of the LCR reaction can occur directty. in the case where one 
or both of the primers comprises at least one label, or indirectly, using sandwich assays, through the 
use of additional probes; that is. the ligated probes can serve as target sequences, and detection may 
u«lfce amplification probes, capture probes, capture extender probes, label probes, and label extender 
probes, etc. 

InvaderTM technology is based on structure-specific polymerases that cleave nucleic acids in a site- 
specific manner. Two probes are used: an "invaded probe and a "signalling" probe, that adjacent^, 
hybridize to a target sequence with a non-complementary overlap. The enzyme cleaves at the overiap 
due to its recognition of the "tail", and releases the "tail" with a label. This can then be detected. The 
invader™ technology is described in U.S. Patent Nos. 5.846.717; 5.614.402; 5.719.028; 5,541.311; 
and 5,843.669, all of which are hereby incorporated by reference. 

in a preferred embodiment, the signal amplification technique is CPT. CRT technology is described in 
a number of patents and patent applications, including U.S. Patent Nos. 5.011.769. 5.403.711. 
5 660 988. and 4.876,187, and PCT published applications WO 95/05480. WO 95/1416. and WO 
95/00667. and U.S.S.N. 09/014.304. all of which are expressly incorporated by reference in their 

entirety. 

Generally CPT may be described as follows. A CPT primer (also sometimes referred to herein as a 
"scissile primer"), comprises two probe sequences separated by a scissile linkage. The CPT pnmer .s 
substantially complementary to the target sequence and thus will hybridize to it to form a hybridization 
complex. The scissile linkage is cleaved, without cleaving the target sequence, resulting .n the two 
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probe s^uences being separated. The two probe sequences can thus be more easily disassodated 
L the target, and the reaction can be repeated any number of times. The Ceaved pnmer .s then 
detected as outlined herein. 

By -scissile linkage" herein is meant a linkage w.hin the scisslie probe that can be cieaved when the 
probe is part of a hybridization complex, that is. when a double-stranded complex is formed I .s 
important that the scissile linkage cleave only the scissile probe and not the sequence to whK:h .t .s 
hybrid^ed (i.e. either the target sequence or a probe sequence), such that the target sequence may 
be reused in the reaction for amplification of the signal. As used herein, the scissile linkage. ,s any 
connecting chemical structure which joins two probe sequences and which is capable of being 
selectively cleaved without cleavage of erther the probe sequences or the sequence to which the 
scissile probe is hybrid^ed. The scissile linkage may be a single bond, or a multiple unit sequence. 
AS will be appreciated by those in the art. a number of possible scissile linkages may be used. 

,n a preferred embodiment, the scissile linkage comprises RNA. This system, prevtously described in 
as outlined above, is based on the fact that certain double-stranded nucleases, particular^ 
ribonucleases. will nick or excise RNA nucleosides from a RNA:DNA hybridization complex. Of 
particular use in this embodiment is RNAseH. Exo III. and reverse transcriptase. 

In one embodiment, the entire sdssile probe is made of RNA. the nicking is facilitated especial^ when 
carried out with a double-stranded ribonuclease. such as RNAseH or Exo HI. RNA probes made 
entirely of RNA sequences are particularly useful because first, they can be more easily produced 
enzymatica.^. and second, they have more cleavage sites which are accessible to nicking or cleaving 
by a nicking agent, such as ^ ribonucleases. Thus, scissile probes made entirely of RNA do not rely 
on a scissile linkage since the scissile linkage is inherent in the probe. 

,n a preferred embodiment, when the sdssile linkage is a nucleic acid such as RUA, the methods of 
the invention may be used to detect mismatches, as is generally described in U.S. Patent Nos. 
5 660 988 and WO 95/14106. hereby expressly incorporated by reference. These mismatch 
deteciion methods are based on the fact that RNAseH may not bind to and/or cleave an RNA:DNA 
duplex there are mismatches present in the sequence. Thus, in the NA,-R-NA. ^^^"^^^'^'''^ 
and NA, are non-RNA nucleic acids, preferably DNA. Preferab^. the mismatch is wrthin the RNA:DNA 
duplex but in some embodiments the mismatch is present in an adjacent sequence very close to the 
desired sequence, close enough to affect the RNAseH (generally within one or two bases). Thus, in 
this embodiment, the nucleic add sdssile linkage is designed such that the sequence of the sc.ss.le 
linkage reflects the particular sequence to be detected, i.e. the area of the putative mismatch. 
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,n some embodiments of mismatch detection, the rate of generation of the released fragments is such 
that the methods provide. essenUally . a yes/no result, whereby the detection of the virtually any 
released fragment indicates the presence of the desired target sequence. Typically, however, when 
there is only a minimal mismatch (for example, a 2- or 3-base mismatch, or a S-base delection). 
there is some generation of cleaved sequences even though the target sequence is not present. 
Thus the rate of generation of cleaved fragments, and/or the final amount of cleaved fragments, .s 
quantified to Indicate the presence or absence of the target. In addition, the use of secondary and 
tertiary scissiie probes may be particularly useful In this embodiment, as this can amphfy the 
deferences between a perfect match and a mismatch. These methods may be particularly useful >n 
the determination of homozygotic or heterozygotic states of a patient. 

,n this embodiment, is an important feature of the scissiie linkage that rts length is determined by the 
suspected difference between the target and the probe. In particular, this means that the sciss.le 
linkage must be of sufficient length to encompass the suspected d^erence. yet short enough the 
scissiie linkage cannot inappropriately "specifically hybridu^e" to the selected nucleic acid molecule 
When the suspected difference is present; such inappropriate hybridization would pem„t exas.on and 
thus cleavage of scissiie linkages even though the selected nucleic acid molecule was not fully 
complementary to the nudeic acid probe. Thus in a preferred embodiment, the scissiie linkage ,s 
between 3 to 5 nucleotides In length, such that a suspected nucleotide difference from 1 nucleot.de to 
3 nucleotides is encompassed by the scissiie linkage, and 0. 1 or 2 nucleotides are on either s,de of 
the difference. 

Thus When the scissiie linkage is nucleic acid, preferred embodiments util^e from 1 to about 100 
nucleotides, wrth from about 2 to about 20 being preferred and from about 5 to about 10 being 
particularly prefen-ed. 

CPT may be done enzymatical^ or chemically. That is. in addition to RNA^H. there are several other 
cleaving agents which may be useful in cleaving RNA (or other nucleic acid) scissiie bonds. For 
example several chemk:al nucleases have been reported: see for example Sigman et al. Annu. Rev. 
Biochem". 1990. 59. 207-236; Sigman et al.. Chem. Rev. 1993. 93. 2295-2316; Bashkin et al., J. Org. 
Chem 1990. 55, 5125-5132; and Sigman et al.. Nucleic Acids and Molecular Biology, vol. 3, F. 
Eckstein and D.M.J. Lilley (Eds). Springer-Veriag. Heidelberg 1989. pp. 13-27; all of which are hereby 
expressly incorporated by reference. 

specific RNA hydrolysis is also an actK^e area; see for example Chin. Acc. Chem. Res. 1991^24 145- 
152- Breslow et al.. Tetrahedron. 1991 . 47, 2365-2376; Anslyn et al., Angew. Chem. Int. Ed. Engl.. 
1997 36 432-450; and references therein, all of which are expressly incorporated by reference. 
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Raac«» p«aspha» c.n»,s ^ ateo o. irteres, In devetop^g sas* Wages, see Hendry e, a,.. 
P^. ino^. cL. : B^organlccnen. 1«, 3,, 20,-258 a^ e^* ,n«rpo,a,ed W — . 

Ounen, appK^cnes B s»e-d„eaed RNA h,d,o*,sia Include .he conluga«on of a reactive mole« 
^ rcleavlng phosp^«»r Ponds » a recogni.on .e^n. cep3«e o, ^^'^'^^ 
nypr^zlng » RNA. In ™s, ca^. a n»« .-plex . co.a«, afacPed to a DNA 
Is a sle neteroduplex. Upon h,PPdlz,«on. a Lewte acK. Is placed ,n close prox,™^ RNA 
L.^e » a^eot n,dr.,sl. see Magda e. a,., . A. C."-. - ,,e. 7«. 

Chen, Blolog, ,994. 1. ,85.,90; BashKIn e,al.. J. An,. Chen,. Soo. ,994, „6, 598,-5982, Ha,l « a , 
nIic A.dt Res. ,996, 24. 3822; Magda etal., . An,. Chem. Sec. ,99T, .,9, 2293; and Magda e. 
a1.. J. Am. Chem. Soc. ,997, 1,9, 6947, all ofwhloh ere express), lncorp«a.ed P, reference. 

I„ a similar lashion DNA-polyamlne conlugates ha,. Peso demons,ra»d to Induce s«e<llreaed RNA 

|nasimilariasnio.i.u. -M^ , .„ rh»m Soc ,99, „3 5899-590,; Endoet 

strand scission; see lorexample.Yosh,nanetal.,J.Am. Chem. SOC. ,99,J J 

a,.. J. org. Chem. ,997, 82, 846; and BarP«r e. J. Am. Chem. Soc. 1992, 114. 3511-3515. all =. 

Which are expressly incorporated by reference. 

,n a preferred embodiment the scissile linkage is not necessarily RNA. For example, chemical 
Cleavage moieties may be used to cleave basic sites In nucleic acids; see Belmont, et aL.New J. 
Chem 1997 21 47-54; and references therein, all of v^hich are expressly incorporated herein by 
reference. Similarly, photocleavable moieties, for example, using transition metals, may be used; see 
Moucheron. et ai.. Inorg. Chem. 1997. 36, 584-592, hereby expressly by reference- 
Other approaches rely on chemical moieties or enzymes; see for example Keck et al.. Biochemistry 
1995, 34. 12029-12037; Kirk et a... Chem. Commun. 1998. in press; cleavage of G-U basepa.rs by 
metal complexes; see Biochemistry, 1992. 31. 5423-5429; diamine complexes for cleavage o RNA^ 
Kom^ama. et al.. J. Org. Chem. 1997. 62. 2155-2160; and Chow et al.. Chem. Rev. 1997. 97. 1489- 
1513. and references therein, all of which are expressly incorporated herein by reference. 

The first step of the CPT method requires hybridizing a primary scissite primer (also called a priman^ 
sclsslle p.be) the target. This is preferably done at a temperature that allows both ^.ng;^^^^^ 
longer primary probe and disassociation of the shorter cleaved portions of the pnmary pro^. s w. be 
ap recL by those in the an. As outiined herein, this may be done in solution, or either the target or 
one or more of the scissile probes may be attached to a solid support. For example, .t .s possible to 
util^e "anchor probes" on a solid support on ti,e array substrate that are substantially complementary 
to a portion of the target sequence, preferably a sequence that Is not the same sequence to which a 
scissile probe will bind. 
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Similarly as outlined herein, a preferred embodiment has one or more of the scissile probes attached 
to a solid support such as a bead (these amplification beads are to be distinguished from the detection 
array beads outlined below). In this embodiment, the soluble target diffuses to allow the formation of 
the hybrid^ation complex between the soluble target sequence and the support-bound scissile probe, 
in this embodiment, it may be desirable to include additional scissile linkages in the sctesile probes to 
allow the release of two or more probe sequences, such that more than one probe sequence per 
scissile probe may be detected, as is outlined below, in the interests of maximizing the signal. 

in this embodiment (and in other techniques herein), preferred methods util^e cutting or shearing 
techniques to cut the nucleic acid sample containing the target sequence into a s^e that will allow 
suffident drffusion of the target sequence to the surface of a bead. This may be accomplished by 
shearing the nucleic acid through mechanical forces or by cleaving the nucleic acid using restnction 
endonucleases. Alternatively, a fragment containing the target may be generated using polymerase, 
primers and the sample as a template, as in po^merase chain reaction (PGR). In addition, 
amplification of the target using PGR or LGR or related methods may also be done; this may be 

particulariy useful when the target sequence is present in the sample at extreme^ low copy numbers. 

Similarly, numerous techniques are known in the art to increase the rate of mixing and hybrid^ation 

induding agnation, heating, techniques that increase the overall concentration such as precipitation. 

drying, dialysis, centrifugation, electrophoresis, magnetic bead concentration, etc. 

in general, the scissile probes are introduced in a molar excess to their targets (including both the 
target sequence or other scissile probes, for example when secondary or tertiary sdssile probes are 
used), With ratios of scissile probe:target of at least about 100:1 being preferred, at least about 1000:1 
being particularly preferred, and at least about 10.000:1 being especially preferred. In some 
embodiments the excess of probe.target will be much greater. In addition, ratios sudi as these may 
be used for all tiie amplification techniques outiined herein. 

once the hybridization complex between the primary scissile probe and the target has been fomied. 
the complex is subjected to cleavage condrtions. As will be appreciated, this depends on the 
composition of tiie scissile probe; if it is RNA. RNAseH is introduced. It should be noted that under 
certain circumstances, such as is generally outlined in WO 95/00666 and WO 95/00667. hereby 
incorporated by reference, the use of a double-stranded binding agent such as RNAseH may allow the 
reaction to proceed even at temperatures above the Tm of the primary probe:target hybridization 
complex. Accordingly, tiie addition of scissile probe to the target can be done either first, and then the 
Cleavage agent or cleavage conditions intmduced. or the probes may be added in the presence of the 
Cleavage agent or conditions. 
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The Cleavage conditions result in the separation of the two (or more) probe sequences of the primary 
scissile probe. As a result, the shorter probe sequences will no longer remain hybridized to the target 
sequence, and thus the hybrideation complex will disassociate, leaving the target sequence intact^ 
The optimal temperature for carrying out the CPT reactions is generally from about 5'C to about 25 C 
below the melting temperatures of the probe.target hybridization complex. This provides for a rapid 
rate of hybridization and high degree of specificity for the target sequence. The Tm of any particular 
hybridization complex depends on salt concentration. G-C content, and length of the complex, as .s 
known in the art and outlined herein. 

During the reaction, as for the other amplification techniques herein, it may be necessary to suppress 
cleavage of the probe, as well as the target sequence, by nonspecific nucleases. Such nucleases are 
generally removed from the sample during the isolation of the DNA by heating or extraction 
procedures. A number of inhibitors of single-stranded nucleases such as vanadate, inhibitors rt-ACE 
and RNAsln. a placental protein, do not affect the activity of RNAseH. This may not be necessary 
depending on the purity of the RNAseH and/or the target sample. 

These steps are repeated by allowing the reaction to proceed for a period of time. The reaction is 
usual^ carried out for about 15 minutes to about 1 hour. Generally, each molecule of the target 
sequence will turnover between 100 and 1000 times.in this period, depending on the lengtin and 
sequence of the probe, the specific reaction conditions, and the cleavage method. For example, for 
each copy of the target sequence present in the test sample 100 to 1000 molecules will be cleaved by 
RNAseH. Higher levels of amplification can be obtained by allowing the reaction to proceed longer, or 
using secondary, tertiary, or quatemary probes, as is outlined herein. 

upon completion of the reaction, generally determined by time or amount of cleavage, the uncleaved 
scissile probes must be removed or neutrafeed priorto detection, such that the uncleaved probe does 
not bind to a detection probe, causing false positive signals. This may be done in a variety of ways, as 
is generally described below. 

,n a preferred embodiment, the separation Is facilitated by the use of a solid support (either an internal 
surface of the device or beads trapped in the device) containing the primary probe. Thus, when the 
scissile probes are attached to the solid support, the flow of the sample past this solid support can 
result in ttie removal of tiie uncleaved probes. 

in a preferred embodiment, the separation is based on gel electrophoresis of the reaction products to 
separate the longer uncleaved probe from the shorter cleaved probe sequences as is known m the art 

and described herein. 
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,n a preferred embodirT,er.t, the separatior. is based on strong acid precipitation. This is useful to 
separate long (generally greater than 50 nucleotides) from smaller fragments (generally about 10 
nucleotides) The introduction of a strong acid such as trichloroacetic acid into the solution (generally 
from a storage module) causes the longer probe to precipitate, while the smaller cleaved fragments 
remain in solution. The use of frits or filters can to remove the precipitate, and the cleaved probe 
sequences can be quantitated. 

in a preferred embodiment, the scissile probe contains both a detectable label and an aff.nity binding 
ligand or moiety, such that an affinity support is used to carry out the separation. In this embodiment, 
i, is important that the detectable label used for detection is not on the same probe sequence that 
contains the affinity moiety, such that removal of the uncleaved probe, and the cleaved probe 
containing the affinity moiety, does not remove all the detectable labels. Suitable affinity moieties 
include but are not limited to. biotin. avidin. streptavidin, lectins, haptens, antibodies, etc. The binding 
partner' of the affinity moiety is attached to a solid support (again, either an internal surface of the 
device or to beads trapped v^ithin the device) and the flow of the sample past this support is used to 
pull out the uncleaved probes, as is known in the art The cleaved probe sequences, which do not 
contain the affinity moiety, remain in solu^on and then can be detected as outlined below. 

,n a preferred embodiment, similar to the above embodiment, a separation sequence of nucleic acid is 
included in the scissile probe, which is not cleaved during the reaction. A nucleic acid complementary 
to the separation sequence is attached to a solid support and serves as a catcher sequence. 
Preferably, the separation sequence is added to the scissile probes, and is not recognized by the 
target sequence, such that a general^ed catcher sequence may be utilized in a variety of assays. 

in a p-Bferred embodiment, the uncleaved probe is neutralized by the addition of a substantially 
complementary neutral^ation nucleic acid, generally from a storage module. This is particularly useful 
in embodiments utilizing capture sequences, separation sequences, and one-step systems, as the 
complement to a probe containing capture sequences forms hybridteation complexes that are more 
stable due to its length than the cleaved probe sequence:detection probe complex. What is important 
is that the uncleaved probe is not available for binding to a detection probe specific for cleaved 
sequences Thus, in one embodiment, this step occurs in the detection module and the neutralization 
nucleic acid is a detection probe on the surface of the array substrate, at a separate "address", such 
that the signal from the neutralization hybridization complex does not contribute to the signal of the 
cleaved fragments. Alternatively, the neutralization nucleic acid may be attached to a solid support; 
the sample flowed past the neutral^ation surface to quench the reaction, and thus do not enter the 
detection module. 
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me ritlon proceeds. The secondary uKleaved probes are then removed, and me deavKl 
^™ de»«ed as Is ,enem., oo«l^ = " ^ 

^^r^.. te^ar, p»bes a. used. The ^ sc.* probes ma, be added » me -^Con - 
^Zys , islmpor^n. ma, me. e^amsclss,^ probe, be prevented from hybdd^ing to me 

Zlrsecondary probes, as m. res* m me gene..on o, ..se pos,*e s,nal. Th«e memods 
aro ger^rall, done as outlned above. SWIad,. quaternaiy probes can be used as above. 

T^„sCPTre<,uln«.a9aln«noparticuU,ro«er,a,irs,CPTpnmercompnslnga.rstprobese,uen=e. 

a sdssHe linkage and a second probe sequence; and a cleavage agent. 

in m. manner. CFT rosuHs In me generation o, a ^e amount o, cteav«, primers, which men can be 

detected as outlined below. 

,n a preferred embodiment, the signal amplification technique is a "sandwich" assay^as i.genera..y 
eL ibed in U.S.S.N. 60,073,011 and in U.S. Patent Nos. 5.681.702. 5.597.909. 5.545.730 
5^T7 5.591.584. 5.571.670. 5.580,731. 5.571.670, 5.591.584, 5.624,802. ^.635.352^^^4 18. 

5 59 lOo' 5 124.246 and 5.681.697. al, of which are hereby incorporated by reference. Although 

anL assays do not result in the alteration of primers, sandwich assays can be cons.dered s.g al 
sandwich assays ^ ^^^^^ ^^^^^,^3 

amplification techniques since multiple signals (i.e. laoei proDea; 

oa„dwich assays are used when the target sequence compnseshttle 
in the amplification of the signal. Sandwicn assays die u 
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or no detectable labels; that is. when a secondary probe, comprising the labels. Is used to generate 
the signal. 

AS discussed herein, it should be noted that the sandwich assays can be used for the detection of 
primary target sequences (e.g. from a patient sample), or as a method to detect the product of an 
amplification reaction as outlined above; thus for example, any of the newly synthes.ed strands 
outlined above.,for example using PGR. LCR. NASBA, SDA. etc.. may be used as the target 

sequence" in a sandwich assay. 

Generally, sandwich signal amplificaUon techniques may be described as follows. T^'e reaction^^^ 
described below can occur either in the reaction module, with subsequent transfer to the detecfton 
module for detection, or in the detection module with the addition of the required components; for 
Clarity, these are discussed together. 

AS a preliminary matter, as is more fully described below, capture extender probes may be added to 
the target sequence for attachment to the beads in the detection module. 

The methods include the addibon of an amplifier probe, which is hybridized to the target sequence, 
either directly, or through the use of one or more label extender probes, which -rves to allow 
"generic" amplifier probes to be made. Preferably, the amplifier probe contains a mult.pl.c.ty of 
amplificafion sequences, a^hough In some embodiments, as described below, the am^rHer p. e may 
contain only a single amplification sequence, or at least two amplification sequences. The amphfier 
probe may take on a number of d^erent forms; either a branched conformation, a dendnmer 
conformation, or a linear "string" of amplification sequences. Label probes comprising detectable 
labels then hybrid^e to the amplification sequences (or in some cases the label probes hybnd,ze 
directly to tt.e target sequence), and the labels are detected as is more fully outiined below. 

AS will be appreciated by those in the art. the systems of the invention may take on a la^e number of 
different configurations. In general, there are three types of systems that can be used: (1) non- 
sandwich" systems (also referred to herein as "direct" detection) in which ti.e target sequence rtself .s 
labeled (again. eiU,er because the primers comprise labels or due to the Incorporation of lat,e^ed 
nucleotides into the newly synthesfeed strand); (2) systems in which label probes d,recthr b.nd to the 
target analytes; and (3) systems in which label probes are indirectly bound to the target sequences, for 
example through the use of amplifier probes. 

Accordingly, the present invention provides compositions comprising an amplifier probe. By "amplifier 
probe" or "nucleic acid murtimer or "amplification multimer or grammatical equivalents herem .s 
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™a„, a acid ^ I. used ,o ««..e signal a»,p,»ca.ton. An„pii.e, pobes coinpris. a, 

"1 „u«l add a.p,.«..on sa,„ence. a ». a^^"" .e,.e„.es «,n, 

preferred. 

A„p,ne, P.OP.S con-prisa a «rs. ^ sa<,ue„ca *a. is used. e*ar di-eC » inditeC,, » l,bnd« 
Je, sedua^. T.a. is. ..a a.p«er p^e »sa, ,aa, hava a « sa,da„c, ma, ,s 
co^ipiamenta^ » «rga. s«,aenc. « has a pnob, se<,uan<. ^« . 
sabs^niiaii, co.p,a.a.«,, .0 a p<»t»n o, an addi^on^ P.01«. i" ' 
™»a «a, has a li-s, podion »<a. is substan.aU, complamanUir, K, »e B-ga, sa,uance. In a 
;:^^d a^odi^nt « p™« saduence 0, ,ha a^«ar p.ba . subs«n«a^ .^-^V 
to the target sequence. 

inaanara, as toraii W p™bashe,ain>a.-s.p™basaquanciso,a tengm su«dan,«.9»e 

a^ Sia*^ Thus g^ara,., « P^be sa,«n=as a.« ..an.on ma, a» dasignad » 
,».har acid ,i.a. p™ba sa,ua^. a.p.«ca«^ se,.nc^ P»»«s o« 
r^a, P^bes, a» a, ^. abou, . nudaosidas icng, «im « ^s. abou, ,0 being p^^ned and a, 

least about 15 being especially preferred. 

,n a preferred ambodimenl savera, difleran, ampli«ar probes are used, each wi«, firs, prcbe 
: :Ls .a. w,» h,^.a » a dHfe^n, por.on o, *a ..e, seduence. T.a, -^J "^ 
. one <^ 0, amp.«ca,« .he ampi.»r probe provides an an,pr«cafion o, s-gna, due » a PJ^ 
iabeil-g a.an«. and ea^rai d»fe,an, ampilfiar probes, each «i* «s muibpnciW o. .bate, tor .a* 
Ziduenceisused. ™s, preferred e— is u«,.ea.feas,~»di,feran,poo,s^^^^^^^^ 

pis. Ih poo. ha.^ a d^ren, ^be seduance fer h,b,..a.on » 
seguence- «,e on^ rea, iin,«a«on on « nuniber o, dffleren, am.»«fer p^ - be «ie ^ 0, me 
^ seguence. in add«on. « is a«o pos.He ^ ^ dHferan, an»..ar probes con» 
dilfcrenl ampiif canon seguencas. aimough mis is generally not preferred. 

,n a prefenad ».bodlment. me am^mer probe does no. h,br«ize » me sampfe «rge. seguenca 
r^ bu.ins,eadh,bnd.estoa6rs,p»«ono,a^lexfenderp,obe. Ws . pa.«u ar, usefel » 
use 0, -genelc- a.pl«^ probas, »^ an^»er prc*es mat can be used .m a ^ 
2L This ™, be dasirab. se«^ », me an,pii«er probas reguire spec,al 

l,„as,feraxan,pfewhenb^cheds,ruc,ur sed. Thus. meaddi«on o,ara«e a or, 

probe as a lab. exfendar p.ba is preferred. Thus, me ,rst probe sag^ce o, ma a«ba « 

Lbstan.^^ complanienta,, to a «rst pCon or domain o. a W febel e.»ndar 

nucleic acid probe. The label e,dender probe also con«ins a second por«on or domain ma. 
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»^„,«. „ „ a p.*n 0, « ^ — SC. o. .^^ ^*>ns »e p.e«r,«, 

a, teas, about ,0 » about 60 nuda*tes in tength. with a range of about 15 to about 30 be,ng 
J^. Tna ur,,. ■« and -s^n.- a» no. .aa,t to con-e, an o^entation 0. ^ sequences w* 
Lpect to tlte orientation o, targe. 0, pn,be setiuanoes. fo, exantpte, 

o^Lon 0, the oomplemen^ targe, seguenc^ «.e frrs. portion nnay be tocaW e«her 5 to .be 
Zrpor^n. or . to me second po«n. Fo, c..e*n<. ^. «e order 0, P^be se,uences are 

generally described from left to right. 

,„ , preferred enrbodintent. more «,an one iabe, extender probe^mptLer probe pair n»a, be used. 

bat s a .ur^lt, o. iabei ex»«er p.bes ™, be used, eao^ .»b a po«on *a, is au^tant^,, 
ZLn^r, ,oadi.ferentpo.«ono,t,»targe.se,^nce;m«canserveasano.«,eve,o^ 
ZZ^. Tnus, a pre^red en,bod,.«-t u.,.es pools 0, a. teas, two tebai extender probes, .* 
n,eupper«mnbelngse.by»ielengthoftheBr9e.se!|uen.». 

,n a praferr^. embodin«nt .,K>re »an on. tebe, ex»nder probe is used w»n a singte anrpiKier P»be te 
ir™,n.spec»o binding, as is genera., o^inad .U.S. Pat^t No. 6.ee, .607, ^ 
^nce trel. m tbis en,bodin«,l a .rst po«o. o, tb, f^t iabei ex^dar ^ bybndrzes » a 

0. .be .a^e. seguenc, and tba seoo. po^on o, .a ... tebei — 
L a rs. probe seguenoe 0. «e ampler p»be. * tirst po,«n o, *e second iabe, exunde, ^ 

„ a second portion o, the targe. se,uence, and tbe second port<«, 0. »e second abe 
r^T^be bybrtdi^es to a second probe segu»,c 0, the a.pi«.e, probe. These form stnrc^^s 
^ Js refenL » as -cruc^" s^Cu^ or ccn.,ura.i»s, ^ are gen^rai^ dee » confer 
stebillQ, When iarge branched or dendhmerlc airtpiifler probes ar. used. 

te add«on, as wiii be appreciated b, thos. », Ure a„. the tebe, axfehder probes ma, ihferac. w* a 

preamplifer probe, described betow, rather thar, me ampiifier probe direcdy. 

S^, as oudlned above, a p^ferred embodimen. u«.es severe, d»feren. ampiiner probes, each 

W* J probe seguences ma. wi. b,bcid^e a d«feren. por«.n the iaba, exfender pro^. i 
addition, as ouaned above, i. te aiso possibte ma. M different ampline, probes conta. diSeren. 

ampiillcation sequences, although mis is generaihr no. preferred. 

m addtaon „ ^ ^ pmbe seguen^, me amplffier probe also comprises a. teas, one an,p« 

seouence. An •ampi.lcation seguence- =r •amplifica.ten segment 0, grammat»a, e,u»aten« ^ 

,s L».t a seguence that is used, e»ner direc* or .d.ec«,, to bind to a Urs. pod»n of a tebe ^ 
mo,efull,*scribedbelow(al.houghinsomecasesmeampiificationse,uencema,b,nd«.a 

pmb.) Preferabi,, me ampliSer probe comprises a muihpiici., of ampiifica«on s«,uenoes. 


as IS 
detection 
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* I a„dabo„.50«,n,espec*pr.W. ,n so™ cases. ,o,e.n™p,e. ben „«a,a^..r 
us^d. 1 » abo„, 20 Is preferred .ro. abou, 5 i= abou, ,0 be,n, pa«^la* 

preferred. 

Tbe a,.pr.^»n se<,.e,Kes be I^Ked » ea* ofcr in a varies, 0. «a,s. as - be appre,^^ 
rZ me art The, .a, be co.aten«y linked d»«.*, » eecb etber. 0, » «9 se,-,«es 

! c^l^^s Jougn n«^« add linKages sucb as phospb«.,es«» bonds, PNA bonds. e« 
: nZed «i: a^n« ^ a.no ea,boMre» o, po„ol bdd,es. 0, .r^b o*e, 

cross-Wng agen« o, binding pannes, Tbe .»(s, o. linKage n», be a„be ends =. segm^* 

a. one o, n»re InUmal nu«eo«ee in me s«nd. In a p^-ened embodin»n,. me a™«c«on 
sequences are attached via nucleic acid linkages. 

,„ a pn*,.ed en«d«nent. branched anpli«er probes are used, as are generaH, descnbed in OS. 

Zl . ,24.m h^eb, incorporated b, reference. Branched anrpl^er p^bes n», »r 

:::r.-comb.i«- cc^^r^tons. Tcrk-lika- b.r«^ a»^^r pro«s gen«a., ave ^ or 

1 Cgonudeo^e se^nt. emana^g -ro. a po.t o, or,m ,0 for. a branched 
„o,h,ofLig.nn,a,b, anchor nucleo«desegn»n.o,an,u»l.unc.one.molecu«.owhc,h a. teastmree 

nlTcan be Ua^tl, or .gh* bound. -C»nMIK.- brained an„.l«er probes have a 1^ 
SZTel a .^tl^lcu, o, sidechain «igonuCeo«es e«.nd«g fr^ me bacK«ne. In e*er 
^n^n me pe.^^. segn»n,s .11, n»n,al, depend f™n a nu.eo«de » other organs 

^mg .he appn^ ^n^on^ ^""P' ! 
r — - 3 «^ number o, amp„»C- se,uer«es a. av.lab« ^r 

o, lnd««,, to detecon probes In general, mese struCres ere nrade ^^'T^^^Z^ 
„«d«ed muBfundonal nucleolMes. as Is descnbed m U.S. Paten. Nos. 5,635,352 and 5,.24,246, 

among others. 

in a preferred embodin».L dendhnrer amp.«er pn,bes are used, as are generall, descnbed in U.S. 
Parrr,75,270. hereb, expr«s, inco^o^ted b, refe^, Pendh^* =^*r probes h»e 

Tn^llL'seduences t« are arched v. h,W«to, and mus have pon^ns "'-^^ 
nlc acid asac».^ntof^s»ucture. The oufersu^ceofmedendr^ara^-ferprob. has 

a multiplicity of amplification sequences. 

in a prefened embodiment, Knear ampl^er pr«,es are used, mat have ind«ual amp.«ca«on 
ZL. «ed end^end eimer .rec^ or short ,n.^ing seq^cas » fo™ap*n,»^ M 
1 .he omer amplLer con.gura«ons. mere nra, be add«io,.l sequences or n,o».es be^»eh me 


amplification sequences. 


35 



PCT/USOO/13942 

WO 00/71243 

,„ one m. ..ear ,mp-ifi.r prob. h« a singte 3n,pl«ica«=o se,uenc,. How^a 

,„ ,d«»on. ma aM«a, p™^ ™, be Wa., «pea,. to«, « dendhmahc. or a.^ 

combination thereof. 

^ a.pli.^.on sa^aancas 0, « a.pN.ar pnba a. -sad, a«, or iad^^" » ^ 
„ba,pl»alk»da»c«on. ,„ ap,ete.adamPodi™nt »>aamp,f«a»», aa,uan^o^« 
alZ proPa ara suPssmlal^ con,p,aman«,, » a .rs, PC*, o, a laba, picPa. ^^^^ 

aX l"dar p^bas a. usad. «a, .ava a ^, po^ ^a. »«s „ ^ ar„p..oa.on aa,aa„ca 
and a sacond portion M birds ID «ia Sral ponon of ma labal pniM. 

,n add-on, «a campos»ons o,»,a ..antion ma, mduda -prearrrpfcr- morulas, -,«r sarvas a 
brtdgir^ nroiaw ba«raan Bba. axtandarnnolaoates and ,ha arr^ifer probas, 

™^ Bba, pn*a= ara a*ar s.ba««, o»r.pl«nan«r, » an an^.=a«on se,.e»» » «, a po.*>n 

of the target sequence. 

0,«*n 0. ma amp.»oa«on raacaons o. « ln.an.on, -nCding ma d^ac de,a<*». o, a„p,i»^n 
^ and indlrac. da»*n u.«z»n, laba, p-obaa „.a ss^ aasa,a). ia dona by da»cn 

^ in 1 1 c; Patent No 5 587,128, the reaction chamber may comprise a 

In addition asdescr bed in U.S. Kateni nu. , " ■ ^ 

'Z^. *ar in so,*« or adba.d „ ma .Haca 0, ^ raao^ "^JtZZl 
»Mono.anampl»«aft»>raao,»nb,..«con„P«s«^o.mawa,l.F.,axampla.m.^^^a 

coaW * a ^r a».^a u.n8 a «on raa,an, s^h as '"^^^^ " 
a .l^lzlng ^n. such as *,ua.,~ or S»*c,- (Plaroa. RoCtord. ,L,. a. 
oon^nln, a bydro^b. .roup. Tb. byd^yzab. .r^P can bydro^ . so^ - 

L a sllam- ma. «n po^n».ze and torr. a ,igb,^ bondad »lm oyarma sddac. 0, ma *am^. Tba 
Lng nray also induda a b^^rg agan. .ba, can raac. - ma « » -urmar rad,^ * « 

r2 bl^ agan^ «ada ar.no ao. P^-rs ^ P^^rs s,^ as po^.ny,pyrro«ona, 
pZ",« ^ -d p^n.«^a. «>a.adva,. ^ s.cn Sdbs.ra«s, a s,«con o^ .In, .ay 
rl«^ on .ha -s. o, ma raao^n cba.b« can ba coa«d * a ^ as a 

po^ny^rlorida. In addBon. » may ba da«b* .o add b««ng po^nuc«o»das .o occupy an, 

binding sites on the surface of the chamber. 
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. ,t .««t one heating and/or cooling module may be used, that is either 
.„ this and other em_, .^^^^ ,^3,3, , the reaction 

part of the reaction chamber or separate but can be b g ^ 

.odule. suitable heating modules are ^'^^^^^ .eaters, pulsed 

WO 97/1656. . incorporated by reference. -^^^iZ^^o. chamber. It should also be 

lasers or other sources of ^'-^--^"^^''^^^^^^^^^^^ ,3,3 the reac«on chamber be 

noted that when heating elements are used, .t may be desirable to have 
relatively shallow, to facilitate heat transfer; see U.S. Patent No. 5,587.128. 

an ., pa« ». th. 8an,pla. for exaoipl. fcr sheahng 9».=™ " ™*» "° 

electrode based pumps; that is. the appl.cat.on of electnc fields can 

fcu pumps, uic OH » oiertrode are only involved in applying force, and 

channel in which fluids are being moved. s.nce the electrode are on.y 

not. as in EHD, in creating charges on which the force will act. 
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,„ , pre^rred e»*odi™n,, ,n ,te«oosn«« pump Is us«.. E,ec«»srno.ls (E0| is bas^ 0. »« 
^c. L *e s.*ce o. .an, so«s, .c^in. ^s^. 3« '=7^^'"' 
cen^el, or posl«.,. ,n .he p»se.c. o. »nic ma»na,s. Th, =l,sr<^ surfaces a«ara=. 

r^ls » I opposKe, ^a^ed e«».de. and ^.es *e « o,.he « as »e.. The v.u^ 

p^poJTa, » « cu^ent a.- *e vo,u„» .0. ^ne,3.ed ,„ ^ « >s P-o^-»"a. » 
« applied .««ge. E^osmosiic iicw is use« ,or ,»,uids l,avi„, son« condu*«, » and 
7e * no. ap^^^e ,0, non-poiar s*en.s. EO pu.ps a. desC^d « U.S. Pa»n. Nos. 
4,908,1.2 and 5.63«76. PCT US96/.4586 and W097,4362<,, inco,p<«»d b, ».e«nc.. 

,„ a prefe^ed emW»enl an e,e*oh,dn».,nan,ic (EHD) pump is used. In EHD, leeWdes in 
Z« L .he .u. «.ter c.a^ when a ,o«ge . app«. This Ca,^ ..ans^, o»u» e*e, 

» .amova, o, an ^ » 0, «. su* .ha. Md ^ oecu. . ^ d^ «on, 

me cnarshg e,e««e ,0 .n. opposH^, *a,ged ele**. EHD pumps can W used » pump 

Ls^e Us such as non-p.«r so»«n«. EHD pumps a,e descibed in U.S. Paien. No. 5,S32,87e, 

hereby incorporated by reference. 

The etecwdes o,«» pumps p^fer*., have a d«me«r «pm ahou. 25 mc^n » ahou. ,00 m«rOhs. 
ZZ«^ ^ » m^^hs » apcu. 75 *™ns. P,e,e.* *e e^es p™.™ a «,m 
r» L »I cha„~> " a dap* o. ,n« ahou, .0 ahou. 98% o. .he depm 0, me c^e,. w* 

H»28%»a.«u.80%h,in9pre*.ed. ,„ add^n. asdescdhed. PCTUS98,.488^, an 

IlHhased in«», pump.9 s,s.«m can be he «e9ra«d » me iMd d.m^«o" '^^ »' «» 
de«»8ofmein.en«onwimlk»-raKoon,rola.mui»ptepun,psi»sand«mfei»e,compl» 

«e PU^ a. operand b, ap^in, puised verges ac^. me - 

ad»an»9. o.ea» o, in» <^ ™ 

a^is ma. occu. a. dacbodes, ,educ,»ns in mennai convencon newer me a'-»^;"^"" 

ab«, J use Simple, d*e,s, and me abiii., .« use bom s^P* end comptex pu^ wave .eome^es. 

Thev.«a9es,e,uired»beappl^»*ea«mx,esc,use«u,d«owdependsonme^o.«« 

.ec^de! .d me ^pe*s . me ,u»s „ be moved. The ^ « ofme 

^p^ude .,me appl^ voHage be«een e,ac««.e, me eiao«^ » "^1" '^vT ^ 

Which can be easil, dettnnined tor each flukl. Tes. volBges used ma, be up to about 1S0O vCB. bu 

:tra.n. v..a,e o,abou, 40 to 30O v.. . desl.ble.An anatog dnver . ^'^--^ 

voH^e appl^ to me pump from a DC power source. A «ans,er tonCon to, each .u. » deton^ned 

:penJ1.7asma.appiied..^9e«a.pr.ducesmedesired.owo,«dp.ss.»«.u^«.h9 

moved in me chennd. However, an ana«.9 dnve, is genera., required for each pump atong me 

Channel and is suitable an operational annplifier. 
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art. 

• Pnr pyamoie the devices of the invention may 

of »,ffclent «»« pressure. Su* pumps aie we. known In the art. 

,„ a pre^r^- e.P=.,n.nt ^ ^ o, « inven.^ a, «as. one « va,» »a, -,"1 

in a preierreo _ ^^^^ ,„ grt. For 

^ ^ o,«. » - ::r.iz ^tj^ - --'^ — 

r—r^tirj^ln:. . L cn^n. ope™, » a .r^ 

r;.~ J.. a" -V — rr,x=- 

« open,.. .re^raP,,, -^^;~:^ZT^^ ^^'- 
immediated before the openmg into a larger space 

Patent NO. 5.858.195, incorporated herein by reference, a type of vrtual valve can be 

, embodiment the devices of the invention include sealing ports, to allow the introduction 

port to avoid the loss of the sample. 

rro=:rer.::irrrr^^^ 


salts, etc. 


,„ e pre^ embodi^n,, .he «.cs o, ,he InvenSon lnc,.« a nri^n, module; aga.. as^r s»ra,e 
^^rZen«, be exten<,edllowchannele(par«cu,ar1,usef.l for «medm«m9). wells o, 

PaZa!: le case of ^ ^ channel, .ere ma, be pr*»^ =n - - of 
the channel to cause mixing. 

. K Hin,pnt the devices of the invention include a detection module. The present 
:ir."^^r:r:r.mpos.nsusefunn...e»c.»nof..^l»^^^^^ 
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„ = 09,15, 877 09,187,289 .nd 09„89.643: PCT US98«,19J PCT US99«4473 

.... « . 

on surface ^^"'^ ,^«„„ *ch beacte. also 

.ase. prav^s wo* -^-^^^^X^'lL,^ ^ a„ a™, a„^. 

.^sphe-ea. can,,™, -"^^^ ean bind «,e indM<..a, *rospne«s. Th. «a.a 
co^pnalng a pa»emad " ^'J,,^ ,^„, ^odotog^ can be uaed 

a« generall, put on» tha suMMK random.,, and to sa ^ me baads. 

jenarall, fluorescent d,as. tbat could be J 

«,d. ™s allows tna syntba^s o, «» TnC ltTa cantata agents ^ be 

,„,bodW to be d^orced b^ '-^-^ ^ d.^.ed on a pa»ned ao^ce. Since 

syntbesized on the beads, and then we beads are rano i^^, be -decoded", 

,e. after the array is rr,ade. a correlat.on of the locato ^ ^^^^^^ 

....ateaoentatthat..^^^^^^^^^^^ 

.strlt^uted on the array a fast a d ^^^^^^ ,^ p,, ,s98,05025. 

spottir,g techr^iques of the pnor art. These metho 9 ^^.^ 
PCT/US99/20914. U.S. Pat. No. 6.023.540 and U.S.S.N.s 09/151,877 
are expressly incorporated herein by reference. 

^ He ic that for a very high density array, the system requires a 
„o.e.e,,^d,a«baoKtot^rn«^»««»«J-^^^^ 

Brse number of dltlerent op.«:al s«naB,res, wb«* m , 

tbe ^ >™n.»n .so prov»ss se^. ^ e««s ^ ^ ^ 

^ » matbods 0, codlr^ and ^n, ™ , ^^^^^ . 

art. the placamanl of tbe bioacbve agents IS generally may be done in a vanet, o( 

.e,,,^ „ «en„ t. b^ ^^ent at eacb *T.^ ^ ^ 

«^.es.n^M,ou,inedbe»w.andgane2'«^u2^ 
,OB.,,ga^..dirac*.b«ad,tna.b«ds»e^r.^«^^ 

(IBLs) abacbed to Ibe beads, b) pos*onal decodmg, fo, e«mp y 

^ ,^ examp. by ^ng or pbotcc^abl^ ™^ » ^ng o, tbe .tes. as era 

o. beads to pert^u* ^.».s,, or b, u*g e«ber -^^^^^ Jd to a targa. ara 
™„ ,„„ outlined be^ C salactlva decoding, —^^^^Inad be»«. 
decoded; or d) combinations of any of «rese. In some cases, as is more y 
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™, oo^r ^ . .e c on. .hose .a. « , ».e. an*.. S,..-.. 

» ™, eithe, prio. to 0. ato addito of . B-gel an3l,le, 

,„ ^ .Kd* o, ^ present Invention, "dec^iln,- can »se ~ 

. • ^^^^Hinn QtPD or a combination of these methods, me 


decoding steps. 


0„.,.e«en.t,,u.tne,o..=,e.,a.»ca.n.^^^^^^^^ 

« detects ana, . e«po.d to ^ r^l, „, « .,»o.* de.- 


detection. 


^.„.V. .e present .ve.on p.v.es aeteCon .o..es co.pns.^^ c~t^^^^^^ a 

plurality of candidate agents in an array forn,aUhes.ze of the array w P 

:„,,,,3eoft.earray.Arrayscontainin.fro.a^^^^^^^^^^^^^^^ 

.3ds)to.any.i..io..n.^^^^^^^^^^^^^ 

array will compnse from two to as man as ^^^^^ ^^^^^ 

the substrate, as well as the end use of the array, thus very g J ^^^^.^ 
ripn^iw low density and very low density arrays may be made. Preferrea rang 
dens.ty . low density a ry qoo.OOO. (with all numbers being per square 

arrays are general! ess ^ ^ ^^^^^ ^^^^ ^^^^^^^ ^^^^ 
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substrates, 

or less (with beads of 200 nm possible) can be used, ana very ^ 

or less (With ^^^^^ ^ ^.^^.^^^ ^.^^^^^^ ^eads .n a 1 mm 

have as many as 250,000 or more (.n ^^^^.^ 
fiber optic bundle, with densities of greater than 1 5,000.000 ma.v 
some instances as many as 25-50 million) per 0.5 cm^ obtainable. 

.«t«t." or -arrav solid support" or other grammatical equivalents herein is meant any 

o. .a,s. a= will be appreda»a b, .hos, in me er,. «ud^. " no. 
alls. Jin, .he « — »9e.^' <^ '-"^ ^ " ""'"^ 

such as glass, polystyrene and other plastics and acivHcs. 
combined to form the device of the invention. 
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tot inletsecB with a channel mlteehip. Inaprelerre .^^^aiannel, 
cnannal, ,n ad«on. « is p,a.anad ma. « no^ pena»»a »„ V J^^^^^ 

» . .a. .= « ::r-"^^^^^^^^ 

»,adiametaroflh.holedo«8n<.tprec«ak,matchtnes,2eotthen P 
„a, «, usad » .3d«a 0. connaaSon o. »a chip wi* « ophc bundl. 

X ^ th* rhin the fiber optic bundle is inserted into the hole. In a 

:r:rrrar::rihaa^»--------- 

channel. 

^ h„„d. is a»^ » « Chip W an, 0, a nu^r a. way. aa is Kn»n in « a.^ Thaaa 

include for example, adhesive or press fittings. 


as is outlined below. 


^. That is. a cnanna, o. m. n,i=ron»* '« ""'^ » ^ ^ 

«^a. ,n ona an,hodi™n, ,h, wa,. a™ ™d. «*n' , a,^ cha^ar, 

aa descnbad ha»in. Aitamatlveiy. pre^mada waila a™ addad. ..a., adtxad, 

generally physically separated from each otner, anno a 
hydrophilicity. etc.) can be used to separate the assay locatons. 

u o , =. .hctrate is a Slice or a section an optical fiber bundle or array, 
,„ a p,e^„ad "^^N Jsl" 0 Z..^ and »«e7,a73, POT US« 

" u*a P^on^ un«, op.= ar^a, B, ■p..»™ad dni«v op^c 
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pn,s«l, ™nlp>.,a«te « «. o„. s»am. ^ <^ « 

any point along its length from another tiler stranb. 

,„ a preta-ed er^bodlment ^ assay s^rlace c»np«sas a plur.«, of terete *s. That Is. at leas, 
one urface of the su.«t»te is .»odif»l to contain d^^. Individual sites lor later assocat.. of 
.microspheres These s«es may comprise phys»=al^ *r«, sites. i.e. phys^l conl,gu,.»s such as 
:Z small depressi»,s in «e suhstr«e that can *e heads, such the, a ^cros^ere can r^ 
Tth, well, or the use 0. other forces , magnate cr compress^e,. o, chen^cally a»er«. or ac«e^^^^ 

2 as c^ically ^nCona^ed s«es. «ectr«ta»cal„ a»e,ed *s. hydrophohlcal^- Mrophito^ 

functionalized sites, spots of adhesive, etc. 

The Sites ma, he a pattern, i.e. a regu^r des^h or Chfiguratlon. or ^mly dlstdhute.. A pre.e,«d 
emt«d»nentu«esa,.gu^rpa,,ernofstesuch,hatthes«esmayheaddrassed,hteX-Y 

Lunate plane. Ta^m" in this sense incudes a rapeadng unltcell. preferat* one that a«>wsa 
h,h O^^ty o, heads on me array suhstrate. However, n shou« he no»d that these s«s ma, ™^he 
dLte siL That IS. it IS possihle ,0 use a uniform surface of adhesive or chemical fun^onalihes 

t^mrtha. ^ « ~' « ^ " ^ ^ ^ " " 

rmod»^.oal«attachmentof,hem..s^sa,.d«ua,s,es.wne,he,ornc.»^s«sare 

comlguous o, n»,^«guou, with other sites. Thus, .he surface of the substrate ma, he mc*«ed 
such that d^te Sites are fonned that can only have a single associate, head, or aKerna^hr. t^ 
surface of the substrate is mcdifled and beads may g. down anywhere, but thay end up at discrete 

sites. 

,n a preferred enibodlment. the surface of the array substrate is modified to contain wells i.e. 
depl^ns me surface Of the substrate: This may be dona as is g»,erall, <^ In me a« using a 
vanety of technigues. includ«9. but not limited to. photolimography. stamping techniques. ,..ld,ng 
Z!I,L»,d h^roetchlngtechnlgues. AS- be appredated b, those in thea.. thetachn^u. used 
win depend on the compositicn and shape of me substrate. 

,„ a preferr^. embodlmen. ph,sica, alteraJcns are made in a surface of me suhara» to prod^^^^ 
s»es. ,n a preferred embodimenl fd, example when me array substrate . e .»er op«c b„n«e. me 
surface of me substrate Is a teminal end of me liber bundle, as Is generally deserted in PCX 
ut!^5. PCVU.^». U.S. Pa. NO. 6.023.540 ^ U.S.S.N.S 09,151 .877 and 09/450.020, 
a. of wh», are hereby express^, Incorporated by reference. In mis embodiment, wel. are ma* „ a 
temin^ distal end of a .her opt» bundte comphslng individual .bar.. In mis embodiment, me cores 
of ma lnd«ua, .hers are e«*ed. wim respec, «> me cladding, such that small welB c depress«ns 
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^ a, on. o, ™ ,e,ui«. «P» o, « «-s - -epen. on *e s.. 0. 

beads to be added to the wells. 

^r.»iatentiw associated in the wells, although 

„™jospt.ems,..e.«henthemKP sites differentially nydrophotilc o- 

o, a pattern of cl»n.l«l lunctional groups ™ K.H,oonillo rtcrosphe.es unda, suitaNe 

.Vd^n.. sdC .at ^ add«o„ o, J^^:™ on ^ »as. of 

^„„«3, — ». — -^rJl U-c «aOs, in an a,.eo., 

those in the art. this may be accomplished in a variety of ways. 

. . «.,hstrate is configured to allow mixing of the sample, reagents. 
,„ , preferred e.»od^™n ^d^^^, ^ „ ^ „»„^ca . deslra«e. 

rto«sp«.s.e,c. ,„ep„fe„edem«di.entmas„«.rafe=o.npHses 
can t« accomplished , a "I J „„„g„a«„ns that create sample 

„^ „»«stn,cu.ressuchas.e,.cal ^^^^^^^^ 
tud^ence. such as edged dep«ss»ns- '_„^„_„„„.j^„e„<«. f„r 

o^.r,dCh»atthe^of«sam.apa«-a^J~^ 
example in one embodiment the detection surface is sunken 

TmL;, snoh the ^ o. the sa^fe past the efe*cde cad^ m-. J" a preferred 
emt«dlme* ve.«cal -posts" o, "pins- are Muded. to aeate samp^ t,«ilance. 
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hp included anywhere within the device, including within chambers or 
otganiemoiet, synthesis. "cwm9.bi.l not IKMea .P ^„„ ,„phlwl. titanW aioxKte. 

™.,^,e., «.«c ,::is..nL **s t*- 


guide. 


allows the association or attachment of the beads at discrete 
such that the beads do not move during the course of the assay. 

.chmicrospherecomp.sesabioac.ea.ent.a.thou.has^^^^^^^ 

.ere may be some microspheres which do ^^^^^ .licaLtionality" or 
synthase methods. By "candidate J,,,,, p^tein, o,igopep«de. 

".an. herein is ^^^^^^^J,- -'V— ' ^ " 
small organic molecule, coordmafon complex, p y compositions of the 

attached to the microspheres of the invention. It should be unders 
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in a oreferred embodiment, as Is more fully outlined below, the 

^ — s ™„^u, «e™:c3, .sse. ^j<^j;js^:r:^- 

™ «oa*e o^n 
carboxyl group, preferably at least two poiyaromatic structures 

corT,prise cydica. carbon or heterocyclic structures nd/or ^^^.^ 
.bstltute. one or .ore o. tbe above .nc«on. ^^l, 
biomolecules Including peptides, nuCec acds, ^-^^^"'^'^^^^ 3,^,3 and 

derivatives, structural analogs or combinations thereof. Particularly prefer 


proteins. 


^ confounds. F« axanple, numa»v,s n,»ans J 

^ a var«, o. or,a™c compound, and b,on,=.eCd,», '"^"'"^3'°^., ^ 

analogs. 

,„ a p^fe-^d emtodlman.. ma b»a*a aga„« a-a " 

. « onont.^ are naturally occurring proteins or fragments of 

natural acca.^P'*"- ^ ,„„^„a„iPnr,aso.p.ca„o.c 

d,.s« 0, pn«a,naceous ^ 1„^„. ,as»,«d ^a,a,n. Pa«,ad, 

prefertsd In this ambodliTWit ara libranaa of bactenal. fungal viral, a 
^ being p-afanad. and human pn=talns temg aspacally prefanad. 
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,„ , ^ er^bodi^n,, me «oa=«e 3gen« »= ^ ». .roon about 5 » about 30 anti™ 
in^o. about e to at»u, 20 a*o ac«a ba,n, prete,,^. and about 7 ,0 a«t. »e.a 

r:-r;:ro:r^^^^^^ 

library of randomized bioactive proteinaceous agents. 

,n a preferred embodiment, a library of bioactive agents are used. The library should provide a 

seleotion technkiues have also shown that a Hbtary sue otio I „„i„„,o. 
l„r,.forth.ta™el Thus, inaprefa-tedemboditnenl. atteastio-. prele.ably atleastto . nwe 

;,:i"o- an. .OS. »^«V at -s, tC « «ao.ve a,.n« a. st—s, 
,n ^ sublect ™».ds. Pre«ed .«,hoOs ,na.*e lib., *e 

,„ a p-eterreO emboOlmen,, the llb^., is full, randont^ed, no sequence p^terenoes or o^s^ts 
. l a o-efened en,bod»neM. the libra., is bias«i. That is. some positons „th,n the 

etrs^.. or are sheeted .o. a «.ed number o, possibles For^^. 
TaTl^ embodin^t .e nuc«o.«es » a^ ao« res^es are ^^^^^ 

Brge) resMues. »»a,ds the creation o. csteinas. tor oross4*n9. prol^ ^r SH.3 do^ns, 
^Is. threoh^es. t,r.s.es or h.«nes tor ^ospho,..on etc.. or to punnes. e«. 

,„ a pieferred e^^nt, me b»a*e a,en,s are n^ie. ac* as de.ned "^stl 
Je hU^c a.ds- or -can^date probes- here.,. As desoh^d above ^'-^^^-'^ 
L b^acsve a^nts ™, be nature., «unn, nuc^c adds, random -^'^ ^ ,^ 
randomnude.adds.Fo,examp^.di9=stso, proca„o.= oreukar,ot«ge„omesma,beused,»,s 

outlined above for proteins. 
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. ■ o^iHc thPv are designed to be substantially complementarv to 
target sequences. The term target seque a ^ ^ 

,„ , e.««™* - 3,e„.s a,e organic a va^ 

are available in the literature. 

u K romnrises a sinqie type of bioactive agent, although a plurality 

tLp of skill in the art will appreciate that the random distribubon of the beads on the array 

.a . »r » a a,..n. ™n*a, 0, ^-^^ 7 —rill a, ^ L 

« a.a, - v», - aPP.=»- <- 'J^^Z.^ » 3»ou> m ^ P-*---. 

preferred. 

P, ^osa . *e ^ -h. «oa*a aga„« ™, e«he. '^^^ IT " 

linkers are used to attach the bioactive ag to avoid undesirable binding reactions, 

flexibility to allow good interaction with the target molecule, and to avo.d undes>ra 

in a preferred embodiment, the bioactive agents are synthesized direct, on ^ ^ 

he art many classes of chemical compounds are currently synthesized on sohd -PPO'*^- - J 
the art. many straightfonward matter to adjust the 

peptides, organic moieties, and nucleic acias. 

current synthetic techniques to use beads. 
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Tl - ba app-ac^^d ^ «sa ,„ ..e a.. «s w« ba done dapandln. o. c»mp..«, 
»«baada AS« tw Mnctk.naEa«on of solid support surtacass^P as ca,em 

:riT:;r:::eic.-as.*.a.:pas.ca.o...a,o,.^ 

'l-^nK- .crospharas ™, Pa used »,a, ha.a surface c«mis«,es .ha. .aa,^« 
Z «n. P . a dashed ,u„*na»., .V ..a use,. examples p, .base su^ c.a™s.n. 

oarpoi ac»s. 3«eMas, am«as. 9-Ps. 
sulfonates and sulfates. 

K to aHri anv number of different candidate agents to the beads. 
ThPQft functional groups can be used to add any numoei ui u ^ ^ ^ 

These functional 9 ^ candidate agents containing carbohydrates may be 

aenerallv using known chemistnes. For example, canaiaaie ay ^„^,.^ 
generally using _,riphwde of the carbohydrate is made using standard 

attached to an amino-functionalized support; the aldehyde or ine caroQ y 

rpues, and .... »a .daP,de .reaped * a. ^ - ^ — 

r::sra:r:r:r«::r:r.«.^-es.sea.r^^^ 

Z r^-arenoa, «c» can ba used » a.«* c^s^lrra cpo^lns prp^inacapus agan« » ^ 
^„ AtnJiy. an a,n,r» sroup on « cand«a.a a^ ma, be used .or a«™,an.» 
XUr^n «a Inace. .o, axa^. a ,ar,a nun*ar o, s»b>a <*^^^^^ 
In . ^ art lnc«n, h»™«^nc^na, and n^^nCona, .nKars ^ 
Handbook pages 156-200,. ,„ an addlSona, ambodWan.. carbox,, groups (erffier fern «asu*».r 

^Tllate aden.) ma, be d=.K«.ized using »aU i<no«n .inkers (sea «,a Pierce ca«iog). For 
f»m»» candidate agent) ma, ,„^,^fa,,»,cK py good nucteppbilas such as amines (see 

e»mple. catpdlimidas acBvate carboxyl grcups to a«ack b, goo P 
Torphi.«e.al ^.^-| p., TH^n.„lic nn,n carn.r Systems, 7(41g7M08 HMD, express^ 

Torchiln a. ai.. _ arched using after tephnwes 

•««^rr^rt^Qtor^ hpfpin^ Proteinaceous candidaie agenK> mtay 

'Z:rear:Uato.at.a.manto,an.^-»p.,mers-^^^^^^^ 

S^.342-3« ago.,; Torcbiiin e.a... ^: Tn.ba«kc at ^'^B^^^^^^^Jf j ''''' 

;inr,i CancerRas 54 6176^185 (1994); and W«Hir elal,. B,nmn | .,qate Cbapi. 8 .220 235 

Kingelal.. CnncerRas.P4 .o h„ r.fer«ttel it shouM ba undersBod Wa. me 

M994), ali of wbich are hereby expressly incorporaMd b, reference). « sno 

LdL agenB ma, ba attached in a variat, of »a,s, includnig those Usted above. V*a. » 

Tm^^Ia. Jnar.a«bman.doas no.s^i«can.y .ter.a.nc*.ha«, ~ 

agL.:ma.is,thacandk,ateagantshou,dbeattapned^sucba.texibtemannerasBa,k»»s 

interaction with a target, 

space tecbn^ues for .mobilizing enz,™s pn microspheres are Kn»n in .ha pn., art ,n one case. 
NH. surface a.emis.„ micmspheras are used. Surface acSvation is achrewd w.h a 2.6 A 
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K . H .«.r.d saline (10 mM) providing a pH of 6.9. (138 mWl NaCI. 2.7 mlVI. 
g,utaraldehyde in ^'^^^'^^^'^'^^^^^^ ^.s at room temperature. The microspheres 
KC). This is stirred on a st.r t,ed ^r ^^^"-^^^^ ,,3ed again with a 

sre then rinsed with uitrapure water plus 0.01 /o tween 20 (s ^^^^ ^^.^^ 

pH 7.7 PBS plus 0.010/0 tween 20. Finally, the enzyme .s added to the P 
prefiltered using a 0.45pm amicon micropure filler. 


0 


by reference. 


. aHHitinnallv comprise identifier binding ligands for use in 
,„ some .»,b«i«ents. W m»«*.e«s ma, ^J' ,^ , „^ ^ 

a —in, ^ ^ ™ ^^^^^ OB. ^ 

'"^^°'rT:t;nir::r::..a.^,B..n..PB.-sp,« 

a binding partner pair. By speciticaiiy d" „h nthor nets (that is DBLs for other 

IBLs). or other components or contaminants of the sys» non-specific binding. 

acids, ffie dissocla«on corstanB of the IBL lo ,B DBL , ^ ^ad, 

«an aMul 10' to 10' W being preferred a,«l l«s tl>a,. about 10 10 M 


preferred. 


. „,„„bereadilyfoundusingkn™ntechnK|uesForexample.«bei. 

,eL.OB. b,„d,. P*—^';::^^,^ an.bod^ 0, ^nts ^reof 

Ihe iBL IS a l»olei». me DBU ...elude pro 11. DBl » a pralein). Metal 

(fAbs, e..)) or email m=«:ules. or vice versa (meBL J ,^mes and 

^metalon.gandsorchela.orspalr,area^use,ul, "'^"^ 

« .bWore. *er ^pr«e. .»rac.n. pairs. '^J^^^ 

„uc«c adds, and c^h,d^s ^ tbelr blndln, '^J^^^^ ,„ us. 

,<«.„uc..ac.b,„dl.^s.»^^^ 


methods. 
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whose emission Intensity changes with pH. Similarly. 
Whose emission properties change with ion concentration. 

co»r *an,.s a,-us anO no^o^r soK»™^ 

u ^ : o « "riecoder bead", that may carry a label 
,n one embodiment, the DBL may be attached to a bead. ,.e. a decoder 

such as a fluorophore. 

. . th. IBL DBL pair comprise substantially complementary single-stranded 
in a preferred embodiment, the IBL-DBL pair comp 

nucleic acids, .n this embodiment, the 3bout . basepairs In length 

^koc" rienerallv the identifier and decoder probes range uu 
"decoder probes Generally, me j^^i^^ 

ir:rrzr::«o.ins,a..a^.«»v«- ■ 

IBLs are used as identifier moieties ( IMs ) that are laenmie 


mass spectroscopy 


».».829, each s».p^«" o' 72^^ 1^^; 

^ be Ciswuished «n beads a omer lo^»^ ^ „^,,,,es c»npdsW «a. 

:rrer:r::rr=^^^^ 
:r::T::;:=r=rr™..e..^..^ 

!,r— , an. <,«e,e„,co„ce™^o„sOn— , o,.u=ro*,o™. 
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,„ , pcefe^,. .mbooimenl .he ar,3,s <io re„ solel, on « use of oo»cal proposes » decode me 
, Hc i,„e app^a^d 0, mose in «,e i. IS poss* ,n so™ e— » » 

« .p«cal s«na«,rae as an a«»nal codin, method. In conJunoUoh .«K «e o*e. me*ods 
™.,„ed .elow. Thus. <o. examp.. as . n»,e m, o*,d P«ow. *e s.e o, « a,^ ma, be 
efcodve., ^creased »h* uswg a sln,^ so, o. decoding mole.^ in several «a,s, one 0. «h« . me 

:;.cal signa.u,es one some Peads. Thus. ^ examp.. using one W o, decoding m^cu^^ 
ru7o,«o ^pu^ns o. Peads. one an op,^l .gnatu. and one w«hou,. a^s me 

0, .he al, s.e. The use o, mu.lp,e op«.l s,.a.res s-an, .ceases «e pcsiP. s»e 

of the array. 

,n a p^fered embodimenl each suPpopulaW of beads oompdses a plu,a% of different IBU. B, 
us-J a Plura,., o, dHfe^ht IBLs to encode each Ploactive agent the numPer o, possiP* un^ue c^ 
:suLnU,«. T.a, W u^ng one ^ IBL pe, P^act^ agent, me see o me ana, 
.1. u the numpe, of unlgu. IBLs (assuming no W oocu.. as ou.lnea Pe^V H^eve. P, 
u.^ a p.ral^ of d»fe,ent IBU pe, Pead. n. « of me a,^ can Pe ^creased to r M^^ 
JJ. 0, absence ofeach ,BL « used as me Indoor. Fo, example, m. ass«hm«» of ,0 IBLs 
p^ad gene^tes a to ,«bha„ code. each PItcan be de^gnated a. -r „BL » present, or 

is^bsen,,. A ,0 b, «na„ cod. has possl«e var^ts. Ho^ar. as . mo. M, discussed 
below me size ofme ana, ma, be tufflter increased Ifanomerparameterls included such as 

c^nc^h or intent; mus ^ example. , »o d»^,n, concentra^ns ofthe ,BL 

me a™ size Increases as 3-. Thus. Ir, this embodiment, each lnd«ual bloactive agent ,n the ana, is 

X a I^a^n o, IBU. Wh« can be added ,0 the beads p,^ to me add«lon Ofthe b^actrre 

agent, after. orduhngthes,hmeslsof me bloachve agent. I.e. s»nu«aheous add».ono,IBUand 

bioactive agent components. 

Mematl^t,. .*en me b«act»e agent Is a po„mer Cd»feren, residues. I.e. when ma b»ac«.e agent 
CTprnteln or nu.e« ac«. me c»r*lna,on o, dl*ren„BLs can be used to .^ate me secuence of 

the protein or nucleic acid. 

Thus, br exam^e. «s.g two d«te.nt ,BU ,.BL, and ,BL2,. me .rst pos,«. '^ '^'^ " 
elucidated: for exempt, adenosine can be represented P, me presence p. bom and ,BIZ 
m,m«lne can be represented b, m. presence of IBL, Put no. IBU. ctcsine can be repres^nu^^ 
me P^sence of IBL2 bu. no. IBL, . and guanosihe can be repiesented b, me absanc. c^ wm. T^ 
Jnd pos.^ 0, « hud^c acid can b, done In a slmi^ manner using IBL3 an IBL ; musje 
presence Of IBL,. IBL2. IBL3 and IBL4 ^ a seguence o, IBL,. IBL.. and '^l^ '^ 
sequenoe AT; IBL,, IBL3 and IBL4 gives me se,uenoe TA. etc. The mird posK«>n u*es IBLS and 
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j;„„g,. » ma, be po^bls ,o -ze «.»r d«.ran. ISU .or aaC am™ aCK,, 

,„ »a,, a SOH o, -ba, -or aa* sa,„e„c, can ba co.^: P-nca or absanca 0, 
«ch <lla«nct IBL w». allow the idantifloation ol eaoh bloacti.e age* 

Zsponln, .b«^ DBU ma „sa, » aist„^u,ab be«an tbe »» baa-a. 

■ th» ranriidate aaents and the unique tags are generated, they are 

.«H<.H The comDOsitions Of the invention may be made in a vanetyoT ways, b 
encoded. The composiiion containing the sites for 

Z.^. ^ r^. Tba ao^n. ^ evap»a,a, and e«»sa baada ^n^ad. 

^nntarted With or distributed on the array through 
me microlkiidlc cbannete. Tbat ». tba beads «o ' „ 

:rr:r:oo::l---.can,nc»aae.e.ne^^^^^^^^^^ 
Lsare«.n>ac«d«*masan,p*pd».od«bu«on>aso,«onma,ba ampbed ,n». 

Tb« la .be aamp. «ud., me beads .owa » a cbann. o, de»*>n ^ ma. 
mLells. Tbe bead. ae«e * « «.s and e«as aa.p. ,s amoved, 

,„ an ennbcdl^nl me beads a,e appUad .o or d«bd»d on» .be arra,. -^'^ 

bundles. ptW .0 combining .be array »1«. me miooSuidlc cb,p. 
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on the substrate surface which are empty. In addition, there m y 
than one bead, although this is generally not preferred. 

. .™an,aiid such Itiatinfoimalioi about me identity of ttie 

The o, the ptesont l„ve»» are <»^S~C^J2„ ,epos« 0. tt-e bee* 

canaiflete agent IS buit into tt« arte,, such tl«t the random P This ma, be done in a 

ean be -decoded- to ^ o, - --^I^XyTT^. «.et L^. as is 

rrrr^r;— e»,u and p.—. ai, 

ri «hich are expressly Incorpotaled her«n by relerence, 

™i. 11 is -decoded- in ordei to identify the location of one or more of the 
Thus, after the array B made, it is decoded 

^acbye a,««. i-a, each subpooulahon of beads, on «,e substrate suNace. 

,„ a prefers embodi^n. a se^ decoding systen, . ^ ^Xle- anaiyte a. 
Shares e*ib»«, a change In the optica, ^ „ is 

decoded. Th. IS con^nly done when .e num«, o^ - * ^ ^^^^ ^ 

general^ low. That Is. the anay is first scanned unde- ex^jn 

«,t analytas. The samp, containing the -^^^^^J^'^^L a. a».r .he p.^ or 

------'°^r sT^TJ- r:.m^ar.,f»ex^. 

negative signal locations may be either selectively lagg ^ fluorescence- 

„^h ^ use 0. P.»»..a.a«e "'^T ^ posibve 

aCvated ce, sorter ,FACS,. That is, eHher « the negative -"--^ ^ ^ ^ 
^ are e«her r..ased or ana^ed in sl,u, or ^'^^^'^'^^^^ ^ ^ of 


tags. 


decoded: i.e. there need not ever be a correia . ^ ^^^^^ 

rdr.::r;iro;::r:=^^^^ 
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rZro* ar.a,s ,„ a prefer,^, e„.1==<.imen,, e,c« bead contains a toi^td,.^ Ate,« 

Is 0, onV W n.9a*a gene^lh, « me presence of a .9h,-a«a..d re^^^ 
ZXZL =Un. I" caee, a« « a*e Peads a,e p«oP«ac^ed. T.us, upon 

Itnrlse . a. L Peads ^ suPse,pen, so^, e-np. usin, a ,up,espe„ce 
aire. s»«r ,..0S, « "0._. a*a Peada can ^J^ ^ 

«K,„scan. negasve beads, A»ema«ve„. wben light is shown d»» me negative UPers. an me 
^Zs a. Ph.™, and the me post^ a« ™t and so«ng can pro^^The 
«,^t,pn 0, me at^ched b^ agent ™, be d^e dire*, tor exa.p. us,ng ™ass 
spectroscopy. 

.r thrnnnh the use of identifier moieties ("'Ms"), which are 
Aitemativelv the identificat on may occur through tne use oi loe. ■ » 

Alternatively, me lae ., ^ . nm = That is rather than elucidate the structure of 

similar to IBLs but need not necessarily bind to DBLs. That is, ratner 

similar to ibts oui identifier. Thus, for example. 

♦ho hioactive aaent directly, the composition of the IMs may serve as wic 

the bioactive agem aire y , agent on the 

a specific combination of IMs can serve to code the bead, and be used jy 

Jd upon release from the bead followed by subsequent analysis, for example using a gas 

chromatograph or mass spectroscope. 

«»na«ve^ ramer man having each bead contain a it-orescent d,e. each bead coniphses a ^ 
21n.prec.,s„»3-rescen.d,e...e».p.e.P.ngph..o.eavab,ep»te«^^^^^^^ 

^ as cerLn ^ho.ni,,cbe.,i groups, on a n„o,e»,e, P^^'^^J^. ^ 

can b. done, Aaer m. assa,. .ght Is sho.. down agarn ether »« 
W»e- libers to distinqtlsh mes, populations. The illuminated precursors are men chemicail, 

l a - crescent d,e, « me beads a. men r.eased ,rom the arrav. -m so^ng. to ^ 
ZTs o—t and non-™t beads ,e«her the pos.«ves and me negates or v,ce 

versa). 

. A K^Himpnt the sites of attachment of the beads (for example the wells) 
In an alternate preferred embodiment, the sites or ana assembled 
include a photopoiymerizable reagent, or the photopolymerizable agent is added to ttie asseml^ed 
Z l the te t assay is run. light is shown down again either the "posi«ve" or the "negativ 
array. After tne te a result of the irradiation, either all the positives or all the 

fibers, to distinquish these populations. As a result or me 

negatives are poiymerized and trapped or bound to me s«es. wh»e me omer populaton 0. beads can 

be released from the array. 

. wi^or-tixio anpnt is determined using decoder binding 
In a preferred embodiment, the location of every bioactive agent is aetermin 
in a prererreu c.nu ^„hc^ that will either bind to identifier binding 

ligands (DBLS). As outlined above. DBLs are binding l.gands that will either 
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«ntc: thprn-^elves oreferably when the bioactive agent is a 
ligands. if present, or to the bioactive agents themselves, prerer y 

nucleic acid or protein. 

,n a preferred embodiment, as outlined above, the DBL binds to the IBL. 

c..«i„„s) to allow .pecKlcit,: i e. <«=.. candidate pro»a binds to ,ts =onaapond,n9 
suflicW spacitciC. to allow lha distinction of ea* «ndWata proba. 

,„ 3 p..„ed an^odin^nt. « OB. a. di^ 

™ant „at a con,poond « a, ^^^^ ^ - 
tna dat«don of tha compound. In ganaral. iat»B „ ,„^„,,^„, 

,» «lloacti« or t«av, isotop..; b) .nasnatc. aleotncal. Ibamtal. ^ cl co 
^b.b.i„o.daa.,n»sa.pa«as^.^«™.^^^^ 

«^ ..^nt labals, ^J^^^^,, ^ ,,us indiraC, ,abe« 

la^. tna. tba OB. ^^^^ 7^„, ,^ ,„ « « 
Mis. a labeling binding kg»nd(UBU that Will Ding I „,„,„,_ 
Bba.ng binding ligand-DBL pair can be as described above tor IBL-DBt pail,. 

„ ^ ^en^at- ...» ^«no,« ind«^. tt^ratrrltir^ 

When the bioactive agent is a nuCeic acid). After decodmg. th DB s can be re 

can be used- however, in some circumstances, for example when the DBL b,nds to an BL a d 

:e;l::eagent.the.mova,oftheOBUsnotre.uired.,thoug^^^^^^ 

Circumstances). In addition, as outlined herein, decoding may be done erther before 

to in an assay, during the assay, or after the assay. 

,n ona er*o*^. a s.g,. deoo.. step . done. In «s ^-^^^l^^^r ^ 
unicua label such tnat the tba number ol uni,ue tags is equal to or greater than the number of 
r^^ents ,a«»ugh in some cases, -.use- C ^ un«ue l.b«s -^^^^^^ 
h.in:s,.^,»no.vanan.o.can«a^™^^^s^^^^^ 
encoded in another dimension, i.e. in the bead size or laoei). ru 
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«uorochro.es. Thus, the .dent., o, ^^^Jl^'^^ ^^ ...fining the bioactive 

nucleic acid) and its label, .s Known. Then, by ^^^'"^ »^ .^.^^^.^^ ,„,p„,es 

3,entsunde.conditions.h.cha.^^^^^^^ 

When the components are nuc.e.c a -ds be^een ^^^^^.^^ ^^^^ 

,BLs. the loctlon of each O.L can be ^^^^^^^^^^^^^^^^^^^ , .amoved, if necessa.. 

bioactive agent; the random array has been decoded, i ne u 

and the target sample applied. 

aqents and thus a sequential series of decoding steps are usea. 

n d«« .age. « *e decoder ^'^^^2:. l=der. end „» ^ decode, 
p„bes have the same sequence of tags ac«»s »« ' „,widizat«n d each poo. to the 

^ genere»s a s««, at eve^ "^^J^^^ P»be. Th. Men«^s »e cahdMat. 
generate a un,ue. ^^^I^^^^^Z ^ ar. used, then 4 X n s.,uen.a. 

hybridization). 

.e.^e...ds..e. --.="----"^:;-r:r^^ 

„^dtotheprobeson*ebea*. / a„d decoder p™bes 13-16 w«h .ag D. 

*^r'^"rnr:r<I^-ra?a,;.«ng*eheads-.ea.ach,d 
Tne probes are mixed and the poo. « ■»« ^ „ 

candMate pro.«s, Thek«ation of each Bg (and ^useachte „^,3„„,, 
de»m*ned. T„e «rst set o,dec«.er probes are then removed. ''^'J^^ ^^^^^ 
deccde,^..5,9and«a»,abe,ed*tag*.deco*rpm^Z 

Bg B dec«.er probes 3, 7. 1 1 and 15 are «».ed ««h tag C. and decoder pn^bes 4. 8. 


58 



PCT/USOO/13942 
WO 00/71243 

— 39 D. Thus, <^ ««. "ntalneC «9 A in bo,h dec«,n9 ^ c=n» ca^«3,e 
^ a; A in »,= .ecodln, «ep and ,,9 C ,n « secon. s,ep con«. oan,.^^^ probe 3, etc. 

. u in citii- that is thev need not be labeled prior to 

including ligation, etc. 

,,,«em.s.eo,*ea^-bes..»,«nun,Pe,o,un,ued«odln9«n«n92^n«,. 
T ,„ -reuse- a of uriqae DBLs to alk« tor a greater number of test s«es. Tte ma, « 
rrnt^^aZs .r t^e. b, u.. so™ s«b,».«.ns that compnae ^o. s.natu^^ 
S«lTe use o a pos«na, =o«»,g s«,.n,e *in an ana,; dHferent sub-bund^ n», «usa "a 
s^^roBU Llad, one enUx,dln«n. u«..s bead size as a coding mndar.,, thus al«».n, *a 
rir«ro.unleOBLs^eachbea-s.e.«.e,na**.se,uen.a,pa^.oadln90,a™,s 

TbLs also a.™ ^ .use 0, DBU. Fu—, -code shahng- can oc^r as we. 

t. A- on* tho nets mav be reused by having some subpopulations of beads 
' '"'"irrrl . aT^Zd e~ .he op.c« .9-a.u, . get^ral. a n^re o, 

r:e:a„lr,a„d.concen.»no,^d^-..^^^^^^^^^ 
matrices Of unique optical Signatures may be generated. This may oeoon y 

It^t^slceof^ebeaas. oraltema^. b, en^P^ng ,hed,ew«nthe beadjned,. 
It«ho^»phospno,sbuta»pre,e.«,.u^n.dyes..h.hdueto*«rst™g 

Z^plde good s^na^n^se ,a.o decoding. Suitable .,es .or us. In *e ,n™nt», 
rre.bu.a»n!..n,«ed».™t.n»an,deco..exes..c,».lng*o,eo,Eu^ 

r : nandboo. b, .hard . naug.. ne^b, 

expressly incorporated by reference. 

,n a preferred embodiment, the encoding can be accomplished in a ratio of at least two dyes although 
Inapreferreaemoo .hh^h m the size of the beads, for example. In addition, the labels 

more encoding dimensions may be added in the size ot oe 

are distinguishable from one another; thus two different labels may comprise diffe ent molecules (i.e. 
two different fiuors) or. alternative^, one label at two different concentrations or intensity. 
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oiontiv attached to the surface of the beads. This may be 

aone as . 9.nen.^ ^ ,„ ^ ^ ^ .redone 

surface of the beads. As will be appreciatea oy mo 

minimize the effect on the dye. 

a<!«!ociated with the beads, generally by 
,n a preferred embodiment, the dyes are non-covalently associated w 

entrapping the dyes in the pores of the beads, 
signature and detector sensitivity. 

^ suwundles or (le. Por»^= "J^^ ^ ,1,.^ «P^"- 

,„ o,^,„a«n - 100 ^ IXLe ..nd^ .ro. anomar. ,„ general. «s 

m»ambodlmanl«beoomas«po.«r,,»b,a»^»,«^ ^,o»,«»9 ur^uaagsto-aach 
is dona elthar manually or though tha usa of marker baads. ,.a, baa 


subarray. 


F0fexannple,ineu5 ,,,^„„,.fe„,oexiiandtl,eencodingdlinension80(lha 

pos.* » us. n^cosp^a^s o, '^'^'"'^^ p.els - di«a,en. nbar d.n«,era o, 
mk^haras. optical fber arrays can ba fabncatad conB gp^ ^ ^^^^^^^ ^ 

«s^. . -«™-«-°^ = 72::rarTbundles-.baro,«a 

.dMdua,.bar.oan«ad^~^^^^^ 

same size cross-sections can be used, j progressively smaller 

.rgas. wal. can b. *d - ^i" ma- - - dya ««o 

:rr::r:::r:=.a.b,a^^^^^^^^^ 


and with other attachment modalities as well 
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. J„I we M ou,lln=d above for .pa«al eodirg. in mis emt,odin„en., «« «*=al 

signatures can M reused In IhiS em ^ 

^ren. «oa*a agen. (or «.e subpopulaWs eacn "^^"^ ^ ^ 

inloaDluralt,ofsuMbta.ies;(orexample,bepen<lingontMs,zeofme<lestredarraya 

rZrZ 10 sub.«.a.es eacH co.pr.ing rougb, ,0% o, ..e .o«, .brer, ma, be made w* 

oenerallv through the use of DBLs. i ne seuui lu ou j 

lactl agent is again determined. The signal in this case will comprise the s,gna. from the first 
the array to be filled. 

,„ap.Wembodimen.,codescanbe-shared-inse^r..a^. = '"^r^""*^ 
^Te lauDBL pair, can be assigned „ «, or more agenrs «e «rge. ana„tes d*.^ 
r;in.eirbind,.s^.s. .ore^.,»«n^-^^^^^ 

'r™r:er:;-ro,r::e.se,i.s«a^..esen.a,.n^ 

at a similar concentration, but differ In hybridization efTicency. 

• . HP r«n be asslqned to multiple agents if the agents are functionally equivalent. 

::r ot.::::^ pis are igne- ^ r -^i^ 

™o,apa.cu,argene,.n..pr^^— ^^^^ 

r:rt:pi::rp:r— Ldes...,^ 

could be used to detect homologs of known genes. In this embodiment, each gene s rep^sented by 
::^:.:oussetof probes. hybridi.ngtodi«erentregionsofthegene(and^^^^^^^^^ 
sequence) The set of p.bes share a common code. If a homolog .s present m.ght hybndize to 
Tit all of the probes The level of homology might be indicated by the fract,on of probes 

protein could all share the same code. 

AS Will be appreciated by those in the art. the decoding may be done prior to the placemen, of the 
detection module in the microfluidic device, or aftenwards. 
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eLtn . .a co.pos»o„a a. use. » .o.a a sa.p,a a«». « o^^nca »r a 

,„ a p,*-.a<. amwilma* ,he «rs„ ana„« is a nudaw= ao«^ Theae aasa,s flna usa * a w«a 

variety of applications. 

,„ a p^rrad a^Poaimant me probaa ara usad ,n gana« diaanoa., F„ a«,np|e, P-oPas ca„ Pa 
uai.^ «,a tachalquas dSdaaad ha»in to daW «-9at aa,uancaa a«l, aa tha gena or 

oa™«. «.e BRCA, ^s, oancar gana, P». wPi* is a ^« aaaoa*d a 
^ Apo gone «. .d«aa a ^aa», rtaK «, «zhala«.a >" 

any of the others well known in the art 

,„ an addBona, a^bodln^nulral and Pacla^a, da^oKn IS dona uaing ma oomp^ 

,„m.en,bodin»,UroPaaa.daal,nad»da««r,..sa,uancaata.a.an«,« 

and .,n,s», Fo, axan,pte. canan. «ood-ac™an,n, »cnn*;uaa ^ on ma dataoPon o, a«. 
TaZd^. T^a .a^ d^osad na.,n ^ - d,»o. ac^n^ . a^" 
H,V nudeic aoU, saqaanoas. pa«a,«ly "nsa^ad H,V ,a,uanooa m «,d«, m,. a^ 
d^aot o, «g .™s-«n a pa»n. aa an .nprovad ^ " ^^T^ 

0, <^ *aaa aaa=da»d ^ ^uKen^a, KTLV. an^ HTLV* ma, Pe 

da«»d in m» wa,. Bacten=- ln(ao.»,s such as P.ban=u,oals. o«am,c.a and oma, aaxpalh- 
transmitted diseases, may also be detected. 

,„ a p^fe-rad amP«lln.enl ma naCalc a=«s o, ma hvanPon .nd osa aa p^PaaJo, <-^^ 
ma lan.,9 0. wa»r and tood san,plas. For axampla. samp*, ma, b, 1,aa« U> Vsa ma P«sna 
risa Jnpc«= a«d, and m«, p^bas das^nad m ^n.a Pao»dal at^lns, .«Pd.n,, « no, 

„, sa* pamo^n. *al. as, Sa,:^e.a, C..^. v«o "'"^^ 
a„»,«o»c awns of E co«. and Lagtonna^'s dsaasa Pac»na. S™B-I,. P«amad,a»n a««a9»a 
ma, ba avakialed using me composHons of ma Invention. 

,„ a *»ma, emlxxtln^nl tne p«*»s a» used fcr fo-anslc -DNA .ngatpdntlng- .0 mat* c^ma^n^ 
DNAagalnalsamplestakanftomvictlmsandsuspaMs. 

,n an additional ambodlmant. ma p~bas In an ara usad for sequendng P, h,Pndlzatlon. 
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. ■ finrf, use as a methodology for the detection of mutations or mismatches in 
The present invenfon ^^^^^^^^^^ ^^J^^^ analysis of the relationship 

target nucleic acd sequences. For -^-J^^' ,3^,,. previous work 

.etween genetic va.a«on .wever, recent focus is on 

utilized Short tandem repeats ^^''^^^Tsu Ps) which occur at an average frequency of more 
t,e use of Single nucleotide ^^^"^^^'^"^'^2 SNPs particularly those in and around coding 
.3n.per.o.as.n™ 

sequences, are l.kely to the d.rect ca ^^^^^^ 

hybrid-nation to ol,gonucleot.de arrays 3^,^^^^ 280:1077 (1998); 

Simultaneously genotyping at .east hundr ds ^^^^^^^^^^^^^ „^ 
see also Schafer et a!.. Nature Biotechnology 16.33-39 (1998). 
Invention may easily be substituted for the arrays of the prior art. 

^y.^ inv/pntion are used to screen bioactive agents to 
find an agent that will b.nd. and preferably ^ ^^ig^d by those in the art CSenerally . the 

target anaiyie subsequent detection, 

bioactive agent results in the recruitment of the label to 

. ■ ■ o tamrt analvte (whether for detection of the target analyte or 

dye on bead, or any other optical interrogatable event, 
as is known in the art. Alternatively, upon binding of the target seque 
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. H the label Hybridization indicators preferentially associate witb double stranded 
n,ay be used as the label. .„,,,,3,3tors and minor and/or major 

. ^ c^. »s discusser ^. *e »„e, ^ ^c. as », enz,- .ene*s , 
spades mat B e«her di^ctly or Wl^ctly optical dMecBMe. 

s^,^nl.acliaraaintl»opticalsl3natv.remayl»ti>ebasisoftlieopllcal 

ris ™X - OP-- - ~ ' °^ " 

«.,«ap^»d.«osa.t«a.>s^ — 

run under a variety of experimental conditions, as will be appreciated by those in 
The assays may be run under a vanety o p ^^^^^ ^^^^^ 

^eart-Avarletyofotherreagentsmay^.^^^^^^ 
desalts, neutralpr™.^^^^^^^^^^^^^^^ 

protein-prote,n bmding and/or reduce no J ^^^^^^^^ .^^.^.^^^ 

ome^se improve the °^ ^^^^^^^^^^^^^^ ,,„p,„ents may be added in any order that 

anti-microbial agents, etc.. may be used. The m>xture o p ^^^^^ 
provides for the requisite binding. Various blocking and wash.ng steps may 


the art. 


r::rdrra",»c.t.t...^^^^^ 

™s .as an adva^ge » J^,<,„s .» bindin, need no. ,» op,i"<.ed^ 
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3 -Pe«ve assa, ^ can .e use. » e^P-a» ... non- 
optimal conditons for mismatch discrimination. 

using fluc«acan«y^b.ted*,NTPs '^^^^^s^,^. B,us»^fcur 

wa,, me bass e«ens»n » „^ ^„ « w «,„partng W 

four base-specific signals. This may o„nthesized 5'-3' on the bead, or 

^ assay can « us«.; ,n «,» ^'"-''""^ "'^^"JJ';, ^« nead no. be «>e,ed. 

^e, . an«a^ a. ^;-2s:r^^^^^ m,s ^ides .erased s«n,.c, 

In addition, since sandwich assays require wo s-h 

which is particularly helpful for the analysis of complex samples. 

0»«e,e«. Z 'lZTZ^i Z (ne si number ™ce...d, exp»s., 

Nucleic Acid Reactions on Bead Arrays filed Apni ^u. s 

incorporated herein by reference. 

M- J iicc;Mceo/135123and60/160.917.both 
,„ some embodiment, me use o. adap»rs as de»nbed ,n = " '^ 
e,wb»., a» exp^ssi, inconx»a>ed be^in b, re«,ence, «nds use in me in«n.on. 

,„ add*., «ben me ^ ^ and me DBL bom >^ » me a,en. » . aiso pos^bie » do 
da»c.ion«tnon4abel«)a-ge.anal,Bs.ia competHio™ o( deooding. 


be encoded in software. 


^on«f« a wide variety of systematic and random problems in an 


65 


PCT/USOO/13942 

WO 00/71243 

an ..co-rec. .ign3M«s be «ecBd Curtng <,ec«,.9. The o. one o, ™- 

irjlys can .so « de»c«d. An a.v,n«ae 0. « ,-.y control p,oce..,e ,s ^ be 

ri:, Ji.™«. P« » .e essa, « an. . a -"—-'rret Oe 
„L, Therefore any proWems that might occur het»een arra, assemll, and actoal oee can l» 

: *3 .^ere a «gh ,e.e, 0, c^^ce « .e,u,re.. ,n.or ^ . a .,n,.c». 
1^0, ^.0. .uHng the «p.r,^nta, procedure, decoding and ,uai^ cent,, can be 
conducted both before and after the actual sanrple analysis. 

,„a,^,.odi^.e^scanbe^fodo^,.e^^^^^^^ 

roX::r:r:::zr:rr:::.M™c.fope*r.^ 

used to do this by treating the reagents (formulated as tne uous; 

,n a preferred embodiment, the methods ou«ined herein are used in array calibration. For many 
^ in an arra. The cattralion curves can be created under conditions that simulate the 

nrreramZfo « ^ ^ - - — - r tt: 

~«^n.rangeo,conce„«^s,.butatthesa™timeas.,|heo,herc^for.earray. 
Thus in this embodiment, the seguentlal decoding scheme is implemented «ith dfcrent 
rellns b^ng used as ^ code -.he.-, rather »an dit^rent .^ophores. In ^ way, s«na, 
to c^cen^n can be measured for ea* bead. Th. ca«hra»n can be ^med out 
Z fo array use. so *at eve^ ^be on eve, array . .d«ua^ calibrated as needed 

in a preferred embodiment, the methods o, the Invention can be used assay deyelopmen. as«,l. 
TusTlmple the methods al« the iden,«ica.on o, go^, and bad probes; as IS undersfood ^ 

ITaTson. pmbes do not foncSon well because ^ do not hybndlze w«l. or because they 
Ts-Xr. * 1 than ee^uenca. T^ prob^ms ^ eas^ d^ected^^ de^^. 

rabiL, fo rap«ly assess probe pe*m«e has »e potent^l fo grea^ reduce the hme and 

expense of assay development. 

SW^Iy in a prefer embodiment, the methods .. the lhven«», are use^rl In ,uan*tat»,n in assay 
dI tXh. Maio, Challenges 0, many assays . tm ability to detect dfflerences ,n analyte 
Tceltions beLn samples, -he ab.ty fo ouan«ate .ese difforences, and to measure abs^ute 
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c„™en.*ns 0, anawes. a« In p.sa,Ke o. a »n,p« n.>«.re of ,^ ^^^^ ^ ^ OnT 
p,<«a. ,uan«a.o. o. a spa* n,RNA « *e P^sence o, »«. cellula, »,RNA. one 

app„,ach »a. has baan davaiopad as a bas« mRNA ,aa*.on ™Kas >«a ».a ™H,p,e ma«h 
and mlsn^ch ^ pairs (Lockha. a. al.. 1996). ha^P, lnco,po,a,ad W lefarenca ,n iB ar-wa.,. 

While «s approach Is sln,p«, « raqulras ,a,a«vel, Urga nun^a,. C proPas. 'n mis approach, a 
,„an«BW responsa » ccncanf^on IS ohBlnad P, averaging me sights from a sa. a, d-ferant 

probes .0 .ha gone o, seguanca o. Interest This Is necassa,, because on^, son» probes respond 
uanbteSval,. and « no. poss«,te p«dlc. these probes * carUlnW. In .ha absence 0. pn« 

L»dga, o^ ma a«rage response .. an appropHatel, chosen <»*Cc. 0. probes is ,uan«a.,«. 
L J in me p^. in«n«,n. «s can be app« gene.,^ » n„c«^ add based assays as «e. 

as ome, assays. In essence, me approach Is .o «en.^ »e probes ma. respond <,uan.«»,, in a 
Loular ass^. ramer man a«rage man, wim omer probes This is done using me a,r^ ca.b,a»n 
^ ou. Jd above. . »hlch concen»3.lon-based codes are used. Advances 0, m,s approa* 
^ ^ probes are needed: me accu^cy o. me ™asu»™n. » less dependent on me number 
0, probes used; and mat me response o. me sensors Is known «im a high fevel o. certain^, s-nce 

^osen en^lHcally. which avoids m. d*u..s and uncmlnte o. P«^'«"^P™^ 
per.«n»nce. pan^^dy « con,^ seguence n,««,res. In conUas.. In expand descr,bed to da» 
1 ordered arrays. r«a.ve,y sma. nurnt^rs o. seguences are checHed t, perten,™^ <.ua««^ 

spldng experiments. In which a known mRNA Is added to a mbdure. 

G«,ar3,^.mamemodsareasK,»ows. ma preferred embodiment, m. target is moved Into me 

de»c«on modu*. m genera, t.0 me,hods may be empioyed; me assay complexes as descn«d 
be»«, are fonr^d « (l.» a» me solubB component are added m^. e«her ^mu«aneous,,„ 

seouentally) -upstream- Che detaodon mod* »». then «e complex Is added B me surtace tor 
ZotI bl, to a de^^on an.y. Mama«... m. target may be 
capu^re binding ,«and and men add,d»»l components are added. The ^ ,s descnbed m de«,, 
below buleimerpwcedure may be foltowed-Slmlady. some compc^nB may be added. 

rec^phoresed. ^ «he, components added. « example, me target analyte ma, be — .* 
any capUrre extender probes and men transported, etc. In add«on. as ou«lned herern. washrn, 
«is may he done us^g me Introducdon of buffer Into me de»c«on module. w.«re», excess reagents 
(non*.und analytes. excess probes, etc.) can be dnven from me surface. 

,„ a preterred embodiment, me mamods include processing me sample upstream of me detec.0^ ^ 
*amber. That me samp« processing occurs mono 0, more channel cchambecs of me ch,p. In 
one embodiment, sample preparation occurs In more man one channel; however ^^.e proofing 
occurs in para«. The prepay sample is men recom«ned Into a single channel mat «ows to me 
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m«.u«^ Tte. ..=™^. a varie,, o. »Hfe». PCR r»c,«»a may b. done In ,^jm 

.a*„» ca. be added to d».ere„. a,«,s. ,n a p».e.™d en,»odime* ™ao«o„e .«P^ 
se<^«..a„; exa^p^. a «-s. PCR reac«on oan « pe*™ed ,p a ... o^mbe. and a nes»d 
PCR reaction performed in a subsequent chamber. 

sample move,™., -in me ohannete oan ocour Wo^ con.en«ona, n»*ods IncWn, e«c.ro- 
0Z..OW, cap.a, aeon o-p^es^re. aso*ed ^.In, and .dudes me -"'•"-'PJ- °" 
onlp- pumps. ,n one en«odimenl n».emen. of .he san,p« s»ps once .he san^e o»^«.s me 
ILnL.. ™sa,»».™^r,n,o,meab«^es=n.edassa,s.oc«.. me^. 
^vemem IS no. neoessan., stopped, bu. -»r s,o»s down as me sampte on«s« me ana,. 
Men.a«.«y, i« fas. reacSons c «han redroilato is used, me .o» la unonanged. 

Reeu^ns, samp* >^ is acoon,p.shed b, reducing .be dnving fon^e ma. is app,« «. me sanipfc 
pl^slcal aspect 0. me de»o«on n,odu« oan be ane^d » affeo. sample owjn one 

d.™»r Of « deacon module Is Inceased ^ » ome, obanne.. Tbis ,esu»s 

in slowing the sample flow. 

,„ an anemabve embod«nent sample flow oan be re^b^ed aon^ss me de«Bon module, in m-« 

!;ZLt a cK»ed ^ped *annel . used » «.^u,a» me sample. Reo^u«.n ^ ma, 
improve me assay and/or signal deKoton b, (acinasng mixing aorass me arte,. 

,.,0 samp^ » "reduced m me arr^ in me de»o«,n modute, and men immob.^ o, af^a^^ 

IT iL embod^".. mi» i» ^» <^ ""^ , 

^n as a nyb,«.a«on complex wben nude«:,add component are used, be«een a capmre probe 

irr^n cme «ge. ana^. Mema«... a^obmen. 0, me .arge. seduence » me beads « 
doneslmulBneouslyvUmmeomer reacBons. 

T« memod proceeds m< me «roduc«on 0. ampllfie, probes. « u«ed. In a preferred embodlrnen,, 
I!ramp««r p^be oompdses a «rs. probe ^ ma. . subs«n.^» com^emen^r, to a ^on 
ofmeBrge.5equence,anda.leastoneampl«ica«onsequence. 

in one embcdlme* me firs, probe sequence of me amprfer probe IS nybndized to me arge. 

Ze-, and an, unb,br«.ed an.l«er p.be Is r^ed. Tb. - genera., - 

,n L art and depends on me .ype 0. assay. Wben me «rge. seguence Is lmmob-=ed on me a^ 

surtece. me ren»,al o, excess reagent ge^-y is done via one or mora »asb,ng stops, as - be 

appreciated by those in the art. 
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. n thus orovides assay complexes that minimally comprise a target sequence and a label 

ZtTJlU ^«s. « -^n, ^ on « co*u,a.=„ used. 

mn under eWnse^c, condHons ««k* alleys ton««on label 
The »sa!^ ere generall, -un under string y ^ ^ 

e^cnn^ =».p.ex m *e p,»er^ ^ ^ r-L»-,l»e ». ..per«u-e, — 

stringency) materials away from the detection array. 

.,.n he used to control non-specific binding, as is generally outlined in U.S. 
Patent No. 6.681.697. Thus y ^^^^^^ target sequence and 

binding can allow the reduction of non-specific binding. 

. w ih» rif^tection array detection proceeds, generally through 
once ^ assa, con.p,«es are '^^'"'^^^^ ^ ^ *a, 
optical detection of fluorescence. Thus, preferrea emoo 
comprise optical windows to allow detection of target analytes. 

,„3P».rrede„,.ed,n.n..«^o,..san^«P^--»^^^ 

.„p^e„»d ^ an — ' J^; /^^X ^ a.a, .r.ace. 

fcsalbed atoe serve to disrupt tl» laminar no. over the beaded surlace. 

^ P^n. in^nt^ .*er prov«es de.^ or a^r«ue <^J^^^J^Z 

the number and type of desired manipulations. 
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V, f.hPr ootic bundle is used in the detection mcxJuie. the results from 
,n a preferred e—t, When 

- expe^n^nt are read fro. ^ en. o , 3. In 


bundle that is within the chip. 


devices, Wuding m«ro«»pes. eemerasOncluams i„Kg.a»<l Wo the 

e. « Chip, » P«« hee.ng .r ,„1 ,.,ice » «n™, 


data analysis. 

All references cited herein incorporated by reference in their entirety. 
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CLAIMS 

We claim: 

, . ^« .or ,^ ae«*n o, a ^ - ' ^ ' ^ 

comprising: 

a) a sample inlet port; 

handling well; 

d) a detection module comprising: 

i) a substrate with a surface comprising discrete sites; and 

ii) a population of microspheres comprising at least a first and a second 
subpopulation. wherein each subpopulation comprises a bioactive agent; 
wherein said microspheres are distributed on said surface; 

iii) a detection inlet port to receive said sample; and „,„H«,id 
e) a secold microchanne, to allow nuid contact beW^een said sample hand,.ng well and sa.d 
detection inlet port. 


10 


2. A microfluidic device comprising: 

a) a plurality of sample handling wells; 
0 b) a detection channel comprising; 

i) a substrate with a surface comprising discrete sites; and 

m a populatton of microspheres comprising at least a first and a second 

IbZation. whe^m each subpopulation comprises a bioactive agent, where. sa.d 

microspheres are distributed on said surface; and 

c, a. » ^ ^ — " 

and said detection channel. 

3. A device according to daim 2, wherein said substrate comprises the detection channel. 

4. A device according to claim 1 or claim 2, wherein said substrate comprises a fiber opfic bundle. 

. . .1 H=.im2 claims or claim 4, wherein each subpopulation further 

5. A device according to claim 1 , claim 2, claim j. or cwh , 

3 0 comprises an optical signature. 
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6 A device according to Cairn 1 . Cairn 2 , Calm 3, Cairn 4 or claim 5, wherein each subpopulation 
further comprises an identifier binding ligand that will bind a decoder binding ligand such that the 
identification of the bioactive agent can be elucidated. 

7. A device according to claim 1 , claim 2. claim 3, Cairn 4. claim 5 or claim 6. wherein said bioac«ve 
agent is a nudeic acid. 

. .1 ^i=im 9 Haim 3 Calm 4 claim 5. claim 6 or Calm 7, wherein said 
8 A device according to claim 1 . claim 2, claim ciaim i, 

substrate comprises vertical microstructures between said discrete sites. 

9. A device according to claim 1. Cairn 2. claim 3. claim 4. claim 5. claim 6. daim 7 or claim 8. further 
comprising a device for regulating sample flow. 

10. device according to claim 9, wherein said device comprises a Cosed looped channel. 
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